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PURPOSE:  This study compared measures of physical activity (PA) taken from the 7-
day Physical Activity Recall (PAR) and the International Physical Activity Questionnaire 
(IPAQ) with those obtained from the NL 2000 (NL) and Lifecorder (LC) accelerometers 
in entering, college freshmen. 
 METHODS: 47 males and 64 females (overall age =18.5±.3 yrs, wt. = 68.7±14.4 kg, and 
BMI = 23.7 ±4.9) volunteered and signed an informed consent form. All subjects wore 
the NL for 7 days, and half wore the LC as well. After the 7 days the subjects completed 
the PAR and IPAQ.  
RESULTS: There was a strong agreement between accelerometers with PAEE expressed 
in kcal/wk (r = 0.958, p= 0.000). However, the NL recorded significantly higher values 
(p= 0.0001) for PAEE than the LC (Md= 2705 vs. 2120).  Both PAR kcal/wk and IPAQ 
kcal/wk were significantly related to the NL kcal/wk, r = 0.275 (p= 0.004) and r= 0.430 
(p= 0.000), respectively. In addition, there were no significant differences in overall 
PAEE between the NL and PAR (p= 0.148) or the NL and IPAQ (p= 0.198). However, 
both the PAR and IPAQ reported more PAEE as energy expenditure exceeded 3000 
kcal/wk. PAR moderate and vigorous MET-min/wk were not significantly related to LC 
moderate (p= 0.411) and vigorous MET-min/wk (p= 0.204), respectively. In addition, 
there were significant differences in MET-min/wk between the PAR and LC for moderate 
(p= 0.019) and vigorous (p= 0.000) activity. PAR reported relatively the same PAEE at 
lower amounts of moderate intensity exercise, but reported more PAEE as energy 
expenditure increased. PAR systematically reported more vigorous PAEE across the full 
range of energy expenditure. 
 vi
CONCLUSION: The accelerometers correlated highly and were in close agreement with 
one another. In first year freshmen, both surveys provided overall estimates of PAEE that 
were significantly related to objective measures of PA. However, at high levels of energy 
expenditure, the questionnaires captured more of the vigorous PA that the accelerometers 
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 Over the last 20 years, physical inactivity and obesity have become major 
problems. This is due to the fact that obesity and inactivity lead to a number of health 
problems such as coronary heart disease, stroke, hypertension, diabetes, and some 
cancers (29). The 2002 report of the National Health and Nutrition Examination Survey 
states that 64.5% of American adults are overweight, which is the highest prevalence ever 
observed (34). According to the 2005 Behavioral Risk Factor Surveillance System 
(BRFSS), 51.3 % of adults nationwide stated that they did not perform 30+ minutes of 
moderate activity 5 or more days a week, or vigorous activity for 20+ minutes three or 
more days per week (8). Due to this increasingly high number of sedentary and 
overweight individuals there is a need to pinpoint when, how, and why the increases in 
weight and inactivity are occurring (30).  
The Centers for Disease Control and Prevention (CDC) report that only 25% of 
high school students and 25% of American adults engage in recommended levels of 
physical activity (PA) (34). Human beings are creatures of habit, and it has been 
suggested that developing healthy behaviors as a young adult could be beneficial in 
adulthood. For example, adolescent physical fitness or PA may have an indirect influence 
on adult health status by increasing the likelihood of becoming an active adult (29). The 
Behavioral Risk Factor Surveillance System (BRFSS) found that the greatest increases in 
overweight or obesity occur in persons between ages 18 and 29 years(8). Therefore, it is 
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important that this age group be studied in a systematic manner to determine the patterns 
of behavior that lead to this problem. 
 There are 7.1 million adults aged 18-24 years that attend a college or university 
(32). The College Health Risk Behavior Survey indicates that the dietary and activity 
patterns of many college students predispose them to future health problems (34). Most 
college students tend to gain weight within their first year of college, leading to the 
concept of what is commonly known as the “freshman 15” (1, 6, 7, 27, 34). There have 
only been a few studies that attempted to identify why some freshmen put on weight 
during their first year of college. Of these, most studies focused on dietary intake, and did 
not explore changes in physical activity (1, 7, 34).  There are a number of things that 
could contribute to the weight gain that many freshman experience. When students leave 
home to attend college or university it results in many lifestyle changes including new 
social and physical environments, as well as new demands on cognitive and behavioral 
adaptations that may impact dietary patterns and physical activity levels (7).  According 
to the 2000 National College Health Assessment, 57% of males and 61% of females 
reported that they performed no vigorous or moderate exercise on at least three of the 
previous seven days (6). 
 There are several ways to assess the amount of physical activity an individual 
performs. The most common way to assess physical activity is through physical activity 
questionnaires because of their feasibility and cost-effectiveness (22). The Seven-Day 
Physical Activity Recall (PAR) has been found to be a valid and reliable measure of 
physical activity, and it has been widely used to assess PA levels in a variety of research 
studies (38), including those done on college students (16). Its accuracy has been studied 
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in relation to energy intake, aerobic fitness and body composition, movement as assessed 
by accelerometer, and heart rate monitoring (36). The PAR estimates an individual’s time 
spent in physical activity, strength, and flexibility activities over the previous 7 days. It 
was designed to determine total kilocalories expended per day with emphasis on 
moderate and vigorous activity. Because of its ability to describe both patterns of PA and   
quantitative aspects (kcal/wk) of PA, it is widely used in epidemiological, clinical, and 
behavioral studies. Another widely used physical activity survey is the International 
Physical Activity Questionnaire (IPAQ). The IPAQ provides a self-report measure of 
habitual physical activity that can be compared with international data (10). The IPAQ 
assesses PA (no less than 10-minute bouts) across four different domains: transportation, 
occupation, house/lawn, and leisure (15).  Frequency and duration of vigorous activity, 
moderate activity, and walking are assessed. Weekly time spent in vigorous activity, 
moderate activity, and walking is determined by multiplying frequency and duration 
within each category of activity. Total weekly time is calculated by summing walking, 
moderate, and vigorous activity.  The IPAQ has been tested and shown to be a suitable 
instrument for monitoring population levels of PA among 18-65 year old adults in diverse 
settings (10), including college students (15). 
 In contrast to self-reported physical activity, accelerometers provide objective 
measures of the amount of physical activity a person performs, and are often used to 
validate PA surveys (15). Accelerometers are tools that allow researchers to not only 
track the number of steps taken, but also how much energy an individual expends (11). 
Accelerometers can measure intensity and some provide the amount of time spent in 
light, moderate, and vigorous PA. However, accelerometers have a limited ability to track 
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vigorous activity accurately due to the fact that their output may reach its maximum at 
only moderately strenuous activities. For example, several investigators have found that 
accelerometer output peaked during running at only 8 to 12 km per hour, resulting in an 
underestimation of PA energy expenditure at higher speeds (5, 19, 20, 24). This is an 
important issue when tracking the PA energy expenditure of students as they transition 
from high school to college, since sport-related PA makes up such a large part of their 
leisure time PA (31).  Consequently, in this population there is a need to compare these 
objective monitors of PA with survey instruments that are known to track PA across the 
full range of intensities.  
Purpose  
 The primary purpose of this study was to evaluate the physical activity (PA) of 
entering college freshman by comparing measures of PA taken from the 7-day Physical 
Activity Recall (PAR) and the International Physical Activity Questionnaire (IPAQ) with 
those obtained from accelerometers. A secondary purpose was to compare an inexpensive 
accelerometer that provides a global estimate of PA energy expenditure (NL 2000) with a 
more expensive one that can categorize PA into light, moderate, and heavy intensities 
(Lifecorder).  
Hypotheses 
      Based on previous research we hypothesized that: 
1. The PAR and IPAQ will be shown to be valid measures of PA in entering college 
freshman compared to objective measures of PA.  
2. The accelerometers will provide similar estimates of PA energy expenditure. 
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REVIEW OF LITERATURE 
 
An epidemic of overweight and obesity has become evident among all age groups 
in America (34). Due to this increasing prevalence of overweight and obesity, health 
professionals have examined the different factors connected to this growing problem. 
Physical activity plays an important role in the prevention of overweight and obesity. In 
order to maintain a stable weight, a person needs to expend the same amount of calories 
they consume (9). Although the body burns calories for everyday functions such as 
breathing, digestion, and routine daily activities, many people consume more calories 
than they need for these functions each day. A good way to burn off extra calories and 
prevent weight gain is to engage in regular physical activity beyond routine activities (9). 
In addition, participation in regular physical activity has been shown to improve health 
and decrease the occurrence of many chronic diseases (35).  However, despite these 
findings and the emphasis placed on physical activity, CDC found that only 25% of high 
school students and 25% of adults engage in the recommended levels of physical activity 
(34). The average age identified as the beginning of a critical period that dictates whether 
an individual will lead a physically active or physically inactive lifestyle is 18 years (32). 
Therefore, it is of great importance that physical activity is assessed in this age group. 
Examining the lifestyle changes in PA that individuals experience at this age, when many 
are entering college, can lead to a clearer understanding of how PA contributes to the 
growing problem of overweight and obesity in America.  
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Methods for Measuring Physical Activity in Free-Living Individuals 
 
 There are a number of different methods for measuring physical activity (PA) and 
energy expenditure (22). The criterion or gold standard method for measuring energy 
expenditure is the doubly labeled water (DLW) method. However, this is a very costly 
and detailed procedure that requires isotopes and an isotope ratio mass spectrometer, 
which prohibits the DLW method from being used routinely. In addition, DLW cannot 
track exercise intensity or describe daily patterns of PA.  In contrast, physical activity 
(PA) questionnaires are commonly used for estimating energy expenditure.  
Questionnaires are low cost and provide information on types and amounts of PA that 
DLW cannot. Other methods for assessing PA energy expenditure include pedometers 
and accelerometers, which provide objective estimates of PA energy expenditure. The 
size of the population being studied and cost of a study often determine what method is 
most feasible and practical, making PA surveys a top choice due to their low cost and 
convenience (22).  
Questionnaires in Measuring Physical Activity Energy Expenditure 
 
 A number of PA surveys are available for use in studies examining the association 
between physical activity and the risk for chronic diseases (43).  The assessment of PA 
by questionnaire is currently the most popular and practical method of quantifying PA 
levels (25).  Many questionnaires consider overall habitual activity, which includes non-
leisure activity, such as that associated with occupation (25). Others examine leisure-time 
physical activity (LTPA) relative to its contribution to total overall PA. Activity-specific 
energy cost values, expressed in metabolic equivalents (METS) or kilocalories (kcal), are 
 8
commonly used to estimate the total energy expenditure from all activities. LTPA 
questionnaires first appeared in the mid-1960s for use among specific, mainly middle-
aged, male population groups. Though LTPA questionnaires varied in their modes of 
scoring, periods of activity recall, and overall complexity, the researchers found 
associations between physical activity levels and chronic health conditions when they 
compared the surveys to other previous surveys that have been used to assess physical 
activity (25). However, it became apparent that different questionnaires did not yield the 
same results. In 1978, a questionnaire to assess only LTPA, the Minnesota LTPA  
Questionnaire, was published. It established itself as the most popular option available at 
the time, and is still used widely today. The investigators found associations between 
LTPA and fitness levels, prompting the use of LTPA questionnaires in large-scale fitness 
surveys of both adults and children (25).  
 Jacobs et al. (23), conducted a study examining the simultaneous evaluation of 10 
commonly used PA questionnaires. The questionnaires studied were: Minnesota LTPA, 
Lipid Research Clinics Questionnaire, Godin Questionnaire, Health Insurance Plan of NY 
Questionnaire, CARDIA PA History, Baecke PA Questionnaire, 7-Day Recall, College 
Alumnus Questionnaire, Minnesota Heart Health Program Questionnaire, and Stanford 
Usual Activity Questionnaire. They were compared against the measures obtained from 
the CALTREC accelerometer, 4-week PA history, graded exercise treadmill test, percent 
body fat by hydrostatic weighing, percent body fat by skinfold, and lung function. They 
found that no questionnaire measure was correlated with the accelerometer reading, and 
correlations with vital capacity were low. Although few questionnaire measures were 
linked to performance of light or moderate activity, most questionnaire measures were 
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related to performance of heavy intensity PA, treadmill performance, and % body fat. 
The important finding of this study was that the ability of a questionnaire to perform well 
against validation measures did not appear to be solely related to its length and attention 
to detail. The authors speculated that it seemed to be more related to the reason for which 
the questions were constructed (23). For example, questionnaires that target moderate and 
vigorous activity probe the participant to focus on moderate or vigorous activities, 
triggering their memory for those specific activities.  When studying a certain population 
it is vital to know what parameters of PA need to be examined. In a college population, 
the PA performed is often LTPA or transportation activity. The Seven-Day PA Recall 
examines LTPA in more detail than some other questionnaires and was found to be a 
valid and reliable questionnaire in the college age population (16). 
Seven-Day Physical Activity Recall (PAR) 
 
The 7 Day Recall Questionnaire was developed for use in the Stanford Five-City 
Project, which was a community based public education trial (36).  The Seven-Day 
Physical Activity Recall (PAR) is a widely used questionnaire that has been found to be  
valid and reliable in college age individuals (38). This instrument assesses PA for all 
levels of intensity. Assigning MET levels to each class of activity provides energy 
expenditure estimates for the PAR. The classes of activity include: sleeping, light PA, 
moderate PA, hard PA, and very hard PA. For example, sleep=1 MET; light= 1.5 METs; 
moderate= 4 METs; hard= 6 METs; and very hard= 10 METs (36). Light activity (1-2.9 
METs) is calculated by subtracting the time included in sleep, moderate, hard, and very 
hard activity from 24 hours. The interview-administered 7-d recall is structured to recall 
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activities from the previous week and probes for specific activities to help participants 
estimate the intensity of activities more accurately (3). The survey focuses on moderate 
and intense activities, which streamlines the interview by directing the participants’ 
attention to relatively brief time periods. 
Validity and Reliability of the 7-day recall 
 
Taylor et al. (40) conducted a study to determine the validity of the 7-day recall 
when compared to a direct measure of physical activity. They studied 30 white males 
aged 34-69 years. All subjects recorded their physical activity for one week, while half 
the sample wore an activity monitor called the Vitalog. The Vitalog is an activity monitor 
that detects movement through a mercury switch motion sensor. This study found that the 
7-d recall agreed with daily self-report measures of PA and direct measures of PA. 
Subjects may have misclassified their particular activity when taking the PAR, but these 
misclassifications tended to balance out when total caloric expenditure was calculated for 
a day or week. Subjects who wore the Vitalog did not report higher correlations between 
the recall and self-report than those who did not, and subjects who wore the Vitalog did 
not report different levels of activity on the days they wore the Vitalog versus the days 
they did not wear it. The latter observations indicated that wearing the Vitalog did not 
affect PA behaviors. They found the daily self-report of PA to be more accurate than the 
PAR, but the self-report was more expensive to use. The combination of using self-report 
with the recall may actually maximize the accuracy of the recall because keeping a log of 
activities actually helps participants remember the activities they participated in during 
the past week (40).  
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Blair, et al. (3) also assessed the 7-d physical activity recall and reported its 
validity in experimental, community, and work site studies. The physical activity recall 
was administered to 1206 women and 1077 men aged 16-74 years in the Five- City 
Project community health survey. Two groups were formed in this study. One group was 
a treatment group that participated in a walking/jogging program. The other group was 
asked not to change their current PA and to maintain the activity they were currently 
doing. In addition to the 7-d PA recall, several other exercise questions were 
administered for the purpose of cross-comparison methods. A global self-estimate of PA 
was obtained by asking participants how they rated the PA they were currently doing 
compared to others of the same age and sex, and to think about their leisure and work 
activities in regards to the question. Participants responded on a 7 point scale labeled 
inactive=1 to extremely active=7. Participants were also questioned about their 
participation in vigorous PA, and if they believed they were getting enough exercise. In 
this study, Spearman Rho statistics were used due to having nonparametric data.  This 
study found that the 7-d recall in the community health survey resulted in higher values 
of energy expenditure in younger men and lowest values of energy expenditure in older 
women. Energy expenditure from the 7-d recall was congruent with other questionnaire 
items related to physical activity, and global estimates for self-reported activity were also 
in agreement. The overall finding was that the physical activity recall detected significant 
increases in energy expenditure in the treatment groups and was positively associated 
with miles run during training (p<0.05) (3). These data suggest that the physical activity 
recall provides useful estimates of habitual physical activity for research in 
epidemiological and health studies (3). 
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A study by Dishman and Steinhardt examined the reliability and validity of the 7-
d recall in college students (16). They conducted four studies to examine the 
measurement characteristics of the 7-d recall for college students who attended the 
University of Georgia and were enrolled in health-related and jogging courses. In study 1, 
they recruited 158 students to examine the correspondence between interview based and 
self-administered forms of the 7-d recall with a concurrent daily diary of free-living 
activity. The results showed a close correspondence between the diary and self-
administered (r= 0.82, p<0.01) and interview-administered (r=0.81, p<0.01) forms of the 
recall (16). In this study they used bi-variate Pearson correlation coefficients when 
conducting the statistical analysis. The correlation between the two recalls was also high 
(r=0.83, p<0.01).  The classification analysis of high active, low active, and inactive 
normative groups based on the diary record, indicated that the recall may be more 
accurate when categorizing highly active and inactive college students. There were no 
highly active subjects classified as inactive, and no inactive subjects were classified as 
high active (16).  
  In study 2, they studied 163 students to evaluate the impact of a supervised 
aerobic activities PA intervention on recall estimates of free-living activity, and the 
reliability of the recall method. They found that moderate intensity energy expenditure 
did not change throughout the PA intervention. The total and vigorous expenditure from 
the recall was highly correlated at both week 2 (r = 0.88) and week 9 (r = 0.92), 
indicating that the increases in 7-d recall estimates were consistent with the increase 
observed in the supervised class activity. This finding indicates that the 7-d recall is 
sensitive to real changes in activity level.   
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      In study 3, 74 students were examined and questioned about how they 
perceived their ability to perform PA, and what kind of attitude they had about PA 
(positive or negative). The results in study 3 revealed that recall estimates were not 
confounded with psychometric estimates of commitment and attraction to physical 
activity, self-perception, or the lie scale of the Eysenck Personality Questionnaire.   
In study 4, they recruited 24 male students to determine the ability of the 7-d re-
call to discriminate highly active fit subjects from inactive unfit subjects as determined 
by self-reported exercise frequency, duration, and type and by measured VO2max. The 
results in study 4 revealed that the relationships between recall and concurrent measures 
of physical activity self-report exceeded those found previously (r = 0.83 to 0.94), and the 
relationships with VO2max also exceeded those previously reported for males of 
comparable age using a different recall method (r = 0.61) (16).  
Overall, Dishman and Steinhardt found that the 7-d recall is a valid method for 
ranking and discriminating college students on physical activity. The recall compares 
favorably with other approaches and is often used because of the money, time, and 
subject costs involved; the likelihood of not influencing PA activity; personal and social 
acceptability; and that fact that it provides intensity-specific assessments of PA (16).  
Washburn et al. evaluated the validity of the PAR and the factors associated with 
reporting error, in a sample of moderately overweight young, adult men and women (43). 
Participants were between the ages of 17 and 35 years and were overweight or 
moderately obese. Pearson product-moment of correlations were used to assess the 
association between energy expenditure from the PAR and DLW, as well as between age, 
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PA level, % fat, and maximal oxygen uptake. This study found that the PAR 
underestimated mean daily energy expenditure in men by an average of  
687±2654 kJ.d-1, whereas the PAR overestimated the mean daily energy expenditure of 
women by an average of 247±1641 kJ.d-1. The PAR underestimated PA energy 
expenditure by an average of 339±2474 kJ.d-1 in men and 150±1440 kJ.d-1 in women. In 
both men and women, a higher level of PA energy expenditure was associated with an 
underestimate of total daily energy expenditure from the PAR. The results indicate that 
the PAR provided a reasonable estimate of mean total energy expenditure in this sample, 
however high individual variability suggests that the use of the PAR to assess individual 
levels of energy expenditure may be limited. The results also indicated that when 
comparing the PAR to DLW the PAR may provide more accurate estimates of total daily 
energy expenditure in women compared with men (43).  
Several studies have examined the validity and reliability of the 7-day PAR and 
all have found it to provide a valid measure of PA. Because the PAR has been repeatedly 
shown to be reliable and valid, it is one of the most commonly used PA questionnaires, 
especially when compared to various direct and indirect measures of PA and energy 
expenditure (43).  
International Physical Activity Questionnaire (IPAQ) 
 
 The purpose of the International Physical Activity Questionnaires (IPAQ) is to 
obtain estimates of physical activity that can be compared internationally (21). There are 
two versions of the questionnaire: a short and a long version. They were designed to 
assess health-related aspects of physical activity and sedentary behaviors.  The shorter 
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version of IPAQ was designed for use in surveillance studies, while the longer version 
was designed to provide a comprehensive evaluation of daily physical activity habits. The 
IPAQ assesses PA by inquiring about 4 different domains of activity: transportation, 
occupation, house/lawn work, and leisure PA (15). The IPAQ short form is designed 
primarily for population surveillance of PA among adults aged 15-69 years (21).  
The self-administered IPAQ short form is a 7 item instrument that assesses PA across the 
4 different domains during the past 7 days (15). Frequency and duration (minimum of 10 
minute bouts) of vigorous activity, moderate activity, and walking are assessed. Subjects 
also report the time they spend sitting. Weekly time spent in vigorous, moderate, and 
walking is determined by multiplying the frequency and duration within each category of 
activity. Total weekly time is calculated by summing the 3 categories of vigorous, 
moderate, and walking (15). Results are usually reported in MET-minutes/day and MET-
minutes/week.  
 Validity and Reliability of the IPAQ  
 
 Craig et al., conducted a study that examined the reliability and validity of the 
IPAQ that was used in 14 centers in 12 countries during the year 2000 (10). This study 
was conducted over a 3-7 day period, requiring two participant contacts. This study used 
related long and short form physical activity questionnaires to compare with the IPAQ. 
On the first visit, demographic data were obtained and the selected version of the IPAQ 
was completed. Up to 1 week later, participants completed the same IPAQ version. In the 
validity study, participants completed the same assessments but also wore a CSA motion 
detector for 1 week between the first and second visit. The centers that conducted both 
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reliability and validity studies also had participants complete a third study visit, 3 days 
after the second visit to evaluate reliability (10). The results of the validity and reliability 
studies showed that the IPAQ exhibited measurement properties that were as good as the 
other long and short form self-report PA measures. The IPAQ was tested in both 
developed and developing countries and it demonstrated validity and reliability for 
monitoring population levels of PA among 18-65 year old adults. The content validity of 
IPAQ is high, because frequency, duration, and intensity of PA are assessed, as well as 
sedentary behaviors. This study demonstrated that the IPAQ is valid and reliable and can 
be culturally adapted for local populations (10).  
 Guendes et al. (13), examined the reproducibility and validity of the IPAQ short 
form in a representative sample of 161 adolescents aged 12-18 years. The IPAQ was 
administered to 10-15 students at a time in a classroom setting. In order to obtain 
reproducibility of the IPAQ, the survey was given to the same subjects a second time 
within a 2-week interval. After filling out the questionnaire, the participants then received 
a retrospective 24-hour self-recall instrument of daily activities by Bouchard et al. (4), 
which instructed them to record the type of activity they performed during the day. The 
results indicated that when the IPAQ was compared with the 24- hour recall of Bouchard, 
et al., the adolescents tended to underestimate the time they spent performing activities in 
the sitting position and overestimated the time spent in activities that involved moderate 
(e.g., walking) and intense PA efforts (13).  
 Fogelholm et al. (17), conducted a study to validate the self-administered IPAQ 
short form against cardiorespiratory fitness (CRF) in 951 young adult Finnish men aged 
21-43 years. The IPAQ short form was used to assess the PA of the men; energy 
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expenditure was then calculated from the IPAQ and expressed in total METs. Energy 
expenditure was also calculated in MET-minutes per week. Total METs was calculated 
by the following equation: (Daily minutes of walking*days per week of 
walking*3.3)+(daily minutes of moderate-intensity activity*days per week of moderate-
intensity activity*4.0)+(daily minutes of vigorous-intensity activity*days per week of 
vigorous-intensity activity*8.0). The MET values were taken from the IPAQ validity and 
reliability study conducted by Craig et al (10). The participants were also asked to 
complete a modified physical activity questionnaire, examining LTPA over the past three 
months. The participants performed various fitness tests. Maximal oxygen uptake was 
measured by a cycle ergometer test. Sit-ups, push-ups and squats were performed to 
measure muscular fitness and endurance. The participants were divided into health-
enhancing physical activity (HEPA) categories of fitness from the MET levels obtained 
from the IPAQ. The HEPA categories were as follows: Active: vigorous activity >3 
days/week, totaling > 1500 MET-minutes/week, or <7 days/week of any combination of 
walking, moderate-intensity, or vigorous activities totaling >3000 MET-minutes/week; 
Minimally active: >3 days/week of vigorous activity of >20 minutes/day, or >5 
days/week of moderate-intensity activity or walking >30 minutes/day, or >5 days/week 
of any combination of walking, moderate-intensity, or vigorous activities, totaling >600 
MET-minutes/week; Insufficiently active: not belonging to either one of the above 
categories. The results of this study indicated that the fitness levels in HEPA categories, 
insufficiently and minimally active, were not different, whereas those who were 
classified as active had superior fitness. A surprising finding in this study was that the 
cardiorespiratory fitness (CRF) of the most active group (20%) was numerically lower 
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than the lower fitness groups, which had lower total and vigorous MET-minutes per week 
according to the IPAQ. It was anticipated that the higher PA levels would have been 
associated with better CRF over the entire range of activity. Ten percent of the subjects 
participating in the study had poor fitness and did not report any vigorous activity in a 
single question on PA from the modified PA questionnaire, but they reported very high 
PA on the IPAQ. As a consequence, the most active (20%) group categorized by IPAQ 
had lower maximal oxygen uptake values, and lower number of sit-ups, push-ups and 
squats when compared with the other groups. They believe this finding is due to a lower 
education level, and some may have had problems interpreting the questions. This study 
suggests that there is a need to develop the IPAQ further to solve the over reporting of 
PA by sedentary individuals (17).  
 Mader et al. (28), conducted a study on the reproducibility and validity of three 
short questionnaires, as well as the short form IPAQ by comparing them with the 
Actigraph accelerometer. The participants were 178 German-speaking men and women 
aged 15-75 years. They were given the following 3 surveys by telephone: Swiss Health 
Survey (SHS) 1997, Health Enhancing Physical Activity (HEPA) Survey 1999, and the 
IPAQ short form. They were also given one self-administered survey, which was the 
Office in Motion Questionnaire (OIMQ) short version. For the reliability test, phone calls 
were made for the first three surveys and the next day they sent out the OIMQ and 
requested its return within 1 week. Once the OIMQ was returned, the same cycle was 
repeated and was conducted over 14-21 days. For the validity test, the participants 
reported to the lab within 1 week of returning the OIMQ to have VO2max testing done. 
VO2max was determined by performing a 2000-m walking test. Once the testing was 
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done, the subjects were given an Actigraph accelerometer and instructed to wear it for the 
next 7 days. When examining the reliability, the moderate values (r=0.50, 0.48, and 0.43) 
for moderate, vigorous, and walking activities indicated that the IPAQ reported partial 
agreement when repeated measurements were conducted. The OIMQ had higher 
correlation coefficients for moderate, vigorous, and total activity when repeated than the 
IPAQ (28). When the IPAQ was compared to the accelerometer, moderate activities 
correlated significantly (r = 0.39) when they included walking but not when walking was 
excluded. The findings of this study indicated that the short version IPAQ seems to be a 
valid and reliable measure of PA for moderate-intensity activities, and for the use of large 
telephone surveys. The addition of walking and the criteria of 10-min duration for bouts 
of PA seem to add to the value of the IPAQ (28).  
 Dinger et al. (15), examined the validity and reliability of the self-administered 
IPAQ short form in 123 college students aged 18-30 years. The participants met with the 
researchers 3 times. During their initial visit, they completed the PAR-Q (screens for 
potentially dangerous health conditions) and a demographic questionnaire. All 
participants were given an Actigraph accelerometer and a pedometer that they were 
instructed to wear over the next 7 days, along with logging any PA they did over the 7 
days. Their second visit was 1 week after their initial visit, and during this visit they 
completed the IPAQ and returned their pedometer, accelerometer, and PA logs. Their 
third visit was 4-6 days following their second visit. During this visit they completed the 
IPAQ again to recall the PA they had done over the past 7 days during which they wore 
their PA monitors. The results of this study indicate that the IPAQ was similar (r=0.21) to 
other self-reported questionnaires and the reliability (r=0.71-0.89) of the IPAQ was 
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acceptable. When the IPAQ total PA was compared to objective measures of PA, it was 
found that it significantly correlated with the total steps from the accelerometer (r=0.23) 
and the pedometer (r=0.25). There was a higher correlation (r=0.41) for time spent in 
vigorous activity compared to time spent in moderate activity (r=0.19). This study 
indicates that individuals recall their participation in vigorous activity more accurately 
than in moderate activity. The correlations between time spent walking and measures 
from the accelerometer and pedometer were very low. One reason for this may be that the 
IPAQ inquires separately about moderate PA and walking activities. Overall, this study 
found the IPAQ to be an acceptable PA questionnaire for college age individuals (15).  
 In general, the IPAQ has been systematically studied and has been shown to yield 
valid and reliable measures of PA in individuals age 14 and older (10, 13, 15, 21, 28).  
Objective Measures of Physical Activity 
 
 Current public health recommendations emphasize accumulating at least 30 
minutes of moderate intensity physical activity on most, preferably all, days of the week 
(18). Therefore, it is imperative that physical activity is quantified in order to determine 
the dose of physical activity needed. Objective instruments are excellent tools to quantify 
physical activity. Motion sensors are mechanical or electrical devices that detect motion 
or acceleration of a limb or trunk. There are different types of motion sensors, such as 
pedometers and accelerometers (18). The choice of an appropriate PA measurement tool 
depends on the application that is needed (2). For example, pedometers are the method of 
choice for epidemiological work. Pedometers are capable of detecting dose-response 
relationships between steps/day and cardiovascular risk factors, as well as examining the 
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age-related decline in walking. For moderate intensity activities, there is good agreement 
(r=0.80-0.90) between the Yamax pedometer steps and accelerometer steps, showing that 
pedometers are measuring roughly the same thing (2). However, accelerometers have 
been shown to be very important for validating questionnaires and describing patterns of 
PA.  
Accelerometers in Measuring Physical Activity 
 
 Accelerometers are measurement tools that allow investigators to obtain objective 
estimates of the PA of individuals, along with the time the individual spends in light, 
moderate, and vigorous PA (11). Accelerometers are commonly used for assessing free-
living PA (44). Depending on the amount of memory an accelerometer has, they can store 
continuous data up to 30 days and be downloaded to a computer for data processing. In 
general, the literature indicates that accelerometers provide an accurate measure of 
physical activity for locomotor activities such as walking, but less precise estimates for 
free-living activity, such as recreational or household activities (44). 
Validity and Reliability of Accelerometers in Measuring Energy Expenditure 
 
 Accelerometers offer many improvements in measuring PA over self-report 
techniques (42). The addition of objective measures of PA has added considerably to the 
knowledge base for research on PA assessment.  Although accelerometers have been 
commercially available for 25 years, a dramatic increase in their use has occurred more 
recently. The validity and reliability studies that have been conducted show that 
accelerometers provide a good estimate of PA (44).  
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Welk et al. (44), examined the reliability of four commercially available activity 
monitors (Tritrac, CSA/MTI, Biotrainer, and Actical) for a structured bout of PA. 
Participants were college students at a large midwestern university. The project was 
conducted over 2 years with different samples of participants evaluating a different 
monitor each semester. The samples ranged from 32 to 38 participants. Participants 
completed three trials of treadmill walking at 3 mph while wearing one of the four 
accelerometers on the hip. The individual trials were divided into a series of 5-minute 
bouts of walking, with 1 minute of rest between each bout. The subjects wore different 
units of a specific monitor type (one-dimensional, uniaxial, three-dimensional, and omni-
directional) for each 50-minute bout and straddled the treadmill to switch units during the 
1-minute resting phase. The results of this study showed the CSA/MTI to have acceptable 
reliability for most research applications; the other devices did not. They concluded that 
additional research was needed to understand the variability in accelerometry data (44). 
 An example of the use of an accelerometer in determining patterns of PAEE is the 
study by Dinger et al. (14). They conducted a study to provide descriptive data of 
accelerometer-determined ambulatory PA and PA patterns in a sample of free-living 
college students.  The participants were 454 college students, 18-30 years of age, who 
were enrolled in at least 12 academic hours, and were not members of an intercollegiate 
athletic team. Participants were required to visit the research lab twice. On the first visit, 
participants completed a demographic questionnaire, had their height and weight 
measured, and were given an Actigraph 7164 accelerometer to wear over the next 7 days. 
The participants then returned to the lab to turn in their accelerometer and receive their 
incentive of $50 for participating.  The results of the study showed that male students 
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were more physically active than female students. Males also accumulated more minutes 
per day of moderate PA than female students. However, when participation in moderate 
or vigorous activity was examined in sessions of at least 10 minutes, no significant 
differences were found between males and females. Ten-minute sessions were examined 
because the current PA recommendation state that moderate activity should be 
accumulated in sessions of at least 10 minutes. When participation in PA was examined 
in 10-minute sessions throughout the day, it showed that students spent  an overall time 
of 13.6 + 12.7 min/day in moderate or vigorous PA. Approximately 96% of the 
participants were not meeting the current ACSM/CDC recommendations, and 44.9% 
were not accumulating 30 minutes of moderate or vigorous activity in sessions of > 10 
minutes, on any day of the week. Overall, when accumulated PA was examined it was 
found that approximately half of the participants engaged in sufficient amounts of 
moderate PA; most students were not vigorously active; subjects were more active during 
the week than on weekends; and in general males were more active than females (14).  
  Accelerometers are excellent at distinguishing differences in activity 
levels among individuals (39). In addition, they can assess the effect of lifestyle 
interventions on PA. Because accelerometers have shown such a high correlation with 
indirect calorimetry for treadmill walking and running they are a criterion method for 
measuring energy expenditure (2). However, several studies have shown that 
accelerometers will not track PA above a certain level of intensity (5, 19, 20, 24). For 
example, Brage et al. (5) found that at higher running velocities (10-16 km/hr) CSA 
output leveled off and showed a tendency to drop. Fudge et al. (19) also found that the 
output of the Actigraph, like other uniaxial accelerometers, plateaus at running speeds of 
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14-16 km/hr. King et al. (24) evaluated the validity of five PA monitors and found that 
the CSA underestimated EE at the highest treadmill speeds. The CSA was a good 
estimate for walking and jogging speeds, but running speeds resulted in an 
underestimation of EE when compared with indirect calorimetry. Haymes et al. (20) 
examined the accuracy of the Caltrac during walking and running. It was found that the 
Caltrac significantly overestimated energy cost during horizontal walking speeds above 2 
mph, and could not adequately discriminate between running speeds of 5-8 mph (20). 
Failure of the Caltrac to detect differences in running speeds between 5-8 mph was 
thought to be related to stride frequency. Because accelerometers are not able to detect 




 In summary, the association between PA and health outcomes has been 
established (11). However, to fully understand and define relationships between PA and 
health, it is a necessity to find a way to accurately quantify PA. There are a number of 
different methods to assess PA in an individual. Questionnaires are often used to assess 
PA because of their low cost and convenience if there is a large sample size (18). 
However, questionnaires possess some limitations because they are subjective in nature 
(2). Subjects can often recall vigorous activity with a high degree of accuracy, but are not 
as good at recalling moderate intensity activities such as walking (18). Objective devices, 
such as accelerometers, are used when there is a need to more accurately assess energy 
expenditure and dose-response issues related to PA.  However, because of the inability of 
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the accelerometers to accurately track PA at higher levels of activity, no single technique 
is able to quantify all aspects of PA under free-living conditions (39). Therefore, there is 
a need to use both surveys and objective measures to more accurately track PA in this 





















Abstract for manuscript 
 
PURPOSE:  This study compared measures of physical activity (PA) taken from the 7-
day Physical Activity Recall (PAR) and the International Physical Activity Questionnaire 
(IPAQ) with those obtained from the NL 2000 (NL) and Lifecorder (LC) accelerometers 
in entering, college freshmen. 
 METHODS: 47 males and 64 females (overall age =18.5±.3 yrs, wt. = 68.7±14.4 kg, and 
BMI = 23.7 ±4.9) volunteered and signed an informed consent form. All subjects wore 
the NL for 7 days, and half wore the LC as well. After the 7 days the subjects completed 
the PAR and IPAQ.  
RESULTS: There was a strong agreement between accelerometers with PAEE expressed 
in kcal/wk (r = 0.958, p= 0.000). However, the NL recorded significantly higher values 
(p= 0.0001) for PAEE than the LC (Md= 2705 vs. 2120).  Both PAR kcal/wk and IPAQ 
kcal/wk were significantly related to the NL kcal/wk, r = 0.275 (p= 0.004) and r= 0.430 
(p= 0.000), respectively. In addition, there were no significant differences in overall 
PAEE between the NL and PAR (p= 0.148) or the NL and IPAQ (p= 0.198). However, 
both the PAR and IPAQ reported more PAEE as energy expenditure exceeded 3000 
kcal/wk. PAR moderate and vigorous MET-min/wk were not significantly related to LC 
moderate (p= 0.411) and vigorous MET-min/wk (p= 0.204), respectively. In addition, 
there were significant differences in MET-min/wk between the PAR and LC for moderate 
(p= 0.019) and vigorous (p= 0.000) activity. PAR reported relatively the same PAEE at 
lower amounts of moderate intensity exercise, but reported more PAEE as energy 
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expenditure increased. PAR systematically reported more vigorous PAEE across the full 
range of energy expenditure. 
CONCLUSION: The accelerometers correlated highly and were in close agreement with 
one another. In first year freshmen, both surveys provided overall estimates of PAEE that 
were significantly related to objective measures of PA. However, at high levels of energy 
expenditure, the questionnaires captured more of the vigorous PA that the accelerometers 
could not monitor.  
Introduction 
 
 Over the last 20 years, physical inactivity and obesity have become major 
problems. This is due to the fact that obesity and inactivity lead to a number of health 
problems such as coronary heart disease, stroke, hypertension, diabetes, and some 
cancers (29). The 2002 report of the National Health and Nutrition Examination Survey 
states that 64.5% of American adults are overweight, which is the highest prevalence ever 
observed (34). According to the 2005 Behavioral Risk Factor Surveillance System 
(BRFSS), 51.3 % of adults nationwide stated that they did not perform 30+ minutes of 
moderate activity 5 or more days a week, or vigorous activity for 20+ minutes three or 
more days per week (8). Due to this increasingly high number of sedentary and 
overweight individuals there is a need to pinpoint when, how, and why the increases in 
weight and inactivity are occurring (30).  
The Centers for Disease Control and Prevention (CDC) report that only 25% of 
high school students and 25% of American adults engage in recommended levels of 
physical activity (PA) (34). Human beings are creatures of habit, and it has been 
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suggested that developing healthy behaviors as a young adult could be beneficial in 
adulthood. For example, adolescent physical fitness or PA may have an indirect influence 
on adult health status by increasing the likelihood of becoming an active adult (29). The 
Behavioral Risk Factor Surveillance System (BRFSS) found that the greatest increases in 
overweight or obesity occur in persons between ages 18 and 29 years(33). Therefore, it is 
important that this age group be studied in a systematic manner to determine the patterns 
of behavior that lead to this problem. 
 There are 7.1 million adults aged 18-24 years that attend a college or university 
(32). The College Health Risk Behavior Survey indicates that the dietary and activity 
patterns of many college students predispose them to future health problems (34). Most 
college students tend to gain weight within their first year of college, leading to the 
concept of what is commonly known as the “freshman 15” (1, 6, 7, 27, 34). There have 
only been a few studies that attempted to identify why some freshmen put on weight 
during their first year of college. Of these, most studies focused on  dietary intake, and 
did not explore changes in physical activity (1, 7, 34).  There are a number of things that 
could contribute to the weight gain that many freshman experience. When students leave 
home to attend college or university it results in many lifestyle changes including new 
social and physical environments, as well as new demands on cognitive and behavioral 
adaptations that may impact dietary patterns and physical activity levels (7).  According 
to the 2000 National College Health Assessment, 57% of males and 61% of females 
reported that they performed no vigorous or moderate exercise on at least three of the 
previous seven days (6). 
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 There are several ways to assess the amount of physical activity an individual 
performs. The most common way to assess physical activity is through physical activity 
questionnaires because of their feasibility and cost-effectiveness (22). The Seven-Day 
Physical Activity Recall (PAR) has been found to be a valid and reliable measure of 
physical activity, and it has been widely used to assess PA levels in a variety of research 
studies (38), including college students (16). Another widely used physical activity 
survey is the International Physical Activity Questionnaire (IPAQ). The IPAQ provides a 
self-report measure of habitual physical activity that can be compared with international 
data (10), and it also has been shown to be valid for the use with college students (15). 
In contrast to self-reported physical activity, accelerometers provide objective 
measures of the amount of physical activity a person performs, and are often used to 
validate PA surveys (15). Accelerometers are tools that allow researchers to not only 
track the number of steps taken, but also how much energy an individual expends (11). 
Accelerometers can measure intensity and some provide the amount of time spent in 
light, moderate, and vigorous PA. However, accelerometers have a limited ability to track 
vigorous activity accurately due to the fact that their output may reach its maximum at 
only moderately strenuous activities. For example, several investigators have found that 
accelerometer output peaked during running at only 8 to 12 km per hour, resulting in an 
underestimation of PA energy expenditure at higher speeds (5, 19, 20, 24). This is an 
important issue when tracking the PA energy expenditure of students as they transition 
from high school to college, since sport-related PA makes up such a large part of their 
leisure time PA (31).  Consequently, in this population there is a need to compare these 
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objective monitors of PA with survey instruments that are known to track PA across the 
full range of intensities.  
Purpose  
 The primary purpose of this study was to evaluate the physical activity (PA) of 
entering college freshman by comparing measures of PA taken from the 7-day Physical 
Activity Recall (PAR) and the International Physical Activity Questionnaire (IPAQ) with 
those obtained from accelerometers. A secondary purpose was to compare an inexpensive 
accelerometer that provides a global estimate of PA energy expenditure (NL 2000) with a 





   The participants in this study were 106 healthy, college freshmen (47 males and 
64 females) between the ages of 18-19 years (overall age=18.5±.3 years, 
weight=68.7±14.4 kg, and BMI=23.7±4.9 kg/m2). The requirements to participate in this 
study were that students had to be first year freshman; were at least 18 years of age; were 
able to fill out the questionnaires; and were free from any disability that prevented them 
from walking. The participants for this study were selected from a quasi-randomized 
sample. In part one of the sampling, all incoming freshmen had the opportunity to 
complete a survey that addressed several health-related variables. At the end of this 
survey they were asked if they would like to be contacted to participate in further studies.  
In part two of the sampling, a purposeful, randomized sample was chosen from those who 
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indicated that they would be interested in participating in future studies. This sampling 
technique was chosen in order to reflect the UT incoming freshman population. 
Participants were excluded from the study if they played a collegiate sport.  
Testing Protocol 
 
 Testing was performed in the Applied Physiology Laboratory at the University of 
Tennessee.  Each subject completed two visits to the laboratory during the first 7 weeks 
of fall semester, exactly eight days apart. On the first visit, the participants were asked to 
sign the Informed Consent Form and fill out a form that asked questions about family and 
medical history, health habits, and basic demographic information (see appendix A and 
B). The students were given information on how to complete the physical activity log 
(see appendix G), and were instructed on how to wear and use the accelerometers. All 
participants were given a sealed NL 2000 accelerometer, but only half the sample was 
given a Lifecorder EX accelerometer. The devices were to be worn at the same time on 
opposite sides of the hip for seven continuous days. The following instructions were 
given: 
- Wear the accelerometer(s) at all times for the entire day for all seven   
      days, except while showering, swimming or sleeping. 
 
- Do not change your physical activity level. 
 
- When waking up each morning, place the accelerometer(s) on your  
                   clothing, write down the day, and the time you put it    
                   on and took it off. 
 
- At the end of seven days come to the Applied Physiology Lab in HPER at  
      your scheduled appointment time.  
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 On the second visit, the participants returned to the Applied Physiology Laboratory 
and turned in their accelerometer(s) and physical activity log. They were then asked to 
complete the 7-day Physical Activity Recall (PAR) and International Physical Activity 
Questionnaire (IPAQ) (see appendix C and E). When they returned the equipment, logs, 
and completed the questionnaires, they received a gift certificate for $50.  
 Physical activity energy expenditure (PAEE) was expressed in kcal/wk and MET-
min/wk. For the NL 2000 accelerometer, PAEE was the activity calories recorded on that 
device. For the Lifecorder accelerometer, PAEE was calculated by adding light, 
moderate, and vigorous PA together, which was taken directly from the Lifecorder results 
from the computer software. For the IPAQ, PAEE was calculated by adding walking PA, 
moderate PA, and vigorous PA from the responses on the questionnaire. For the PAR, 
PAEE was calculated by adding moderate PA, hard PA, and very hard PA. The values 
from the PAR and IPAQ were automatically generated in MET- min/wk. In order to find 
kcal/wk the following equation was used: Kcal/wk = MET-min/wk * (weight (kg)/60).  
The values for the accelerometers were automatically generated in kcal/wk. In order to 
obtain MET-min/wk for the accelerometers, the following equation was used:  
MET-min/wk = (kcal/wk) / weight (kg) x 60. 
 In addition to these global estimates of PAEE, the Lifecorder values for “moderate” 
(intensity values 4-6) and “vigorous” (intensity values 7-9) PA were compared to the 
PAR’s estimates in the same categories. Moderate MET-min/wk was taken from the 
moderate minutes of activity reported on the PAR and vigorous MET-min/wk from the 




 Statistical analyses were completed using SPSS 13.0 version for Windows (SPSS 
Inc., Chicago, IL). Depending on the distribution of the data, normal or non-normal, 
Pearson product-moment correlations or Spearman rank-order correlations were obtained, 
respectively, to evaluate the relationship between the questionnaires and devices. 
Likewise, depending on distribution, either a paired samples t-test or a Wilcoxon signed 
rank test was used to analyze the absolute differences between energy expenditure values 
obtained from the devices and the PA surveys. Lastly, Bland Altman plots were 
constructed to show the distribution of the individual difference (e.g., NL 2000 – LC; NL 
2000 – survey) scores around zero.  
Results 
 
 The comparison of PAEE estimated by the NL 2000 and the LC is presented first. 
This is followed by comparisons of the surveys and the accelerometers.  
NL 2000 vs. LC Energy Expenditure in kcals/wk and MET-min/wk 
 
 Spearman correlation coefficients for the NL 2000 and LC in kcal/wk and MET-min/wk 
are represented in Table 1. All values were statistically significant (p<0.01), with the lowest 
correlation for any comparison being r = 0.849.  
 Means, medians, and standard deviations for energy expenditure (expressed in kcal/wk and 
MET-min/wk) from the NL 2000 and LC are reported in Table 2. A Wilcoxon Signed Rank t-test 
was used due to the non-normal distribution of the kcal/wk data. In the 55 participants who wore 
both devices, the LC recorded significantly fewer kcal/wk (Md= 2120) compared to the NL 2000 
(Md=2705) (p= 0.0001). A paired sample t-test was run on the LC and NL 2000 MET-min/wk data 
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because they were normally distributed. This test revealed a significant difference between the NL 
2000 (2449 MET-min/wk) and the LC (1991 MET-min/wk) (t= -10.32, p= 0.0001). Bland Altman 
plots were constructed to show the distribution of the individual (LC – NL 2000) scores around 
zero. Figure 1a shows that the NL 2000 recorded about 400 kcals/wk (on average) more than the 
LC, with the difference increasing with energy expenditure. Figure 1b, the Bland Altman plot for 
the LC and NL 2000 MET-min/wk, revealed the same pattern as it did for kcal/wk. The NL 2000 
recorded higher values for PA energy expenditure when compared to the LC, and the higher the 
energy expenditure, the greater the difference. Given the extremely high correlation between these 
accelerometers for both kcal/wk (r=0.958) and MET-min/wk (r= 0.938), and the small (though 
significant) absolute difference between the devices, we used the NL 2000 for the following 
comparisons with the surveys to take advantage of the larger sample size. 
Table 1. Spearman Correlation Coefficients for energy expenditure from the NL  2000 
and LC expressed in kcal/wk and MET-min/wk. 










1.0 .958** .853** .851** 
LC 
Kcal/wk 
.958** 1.0 .849** .893** 
NL 2000 
MET-min/wk 
.853** .849** 1.0 .939** 
LC 
MET-min/wk 
.851** .893** .939** 1.0 









Table 2. Means, Medians, and Standard Deviations of Energy Expenditure in             
kcal/wk and MET-min/wk for the NL 2000 and LC. 
 Mean Median Standard Deviation 
*NL 2000 
Kcal/wk 2744 2705 1059 
LC 
Kcal/wk 2190 2120 716 
NL 2000 
MET-min/wk 2444 2319 813 
LC 
MET-min/wk 1991 1896 631 



















































R Sq Linear = 0.218
 
Figure 1. Mean difference and limits of agreement (95% confidence interval) with best fit 
regression line between the LC and NL 2000 (N=55) expressed in PA kcal/wk (a) and 
MET-min/wk (b). The linear trend was significant for both (p= 0.000). 
PAR and IPAQ energy expenditure in kcal/wk vs. NL 2000 kcal/wk 
 
The PAR kcal/wk was significantly related to both NL 2000 kcal/wk (r= 0.430,  
p= 0.000), and IPAQ kcal/wk (r= 0.275, p= 0.004).  Means, medians, and standard deviations for 
energy expenditure (expressed in kcal/wk) from the PAR, IPAQ, and NL 2000 are reported in 
Table 3. Even though there appeared to be a difference between the PAR and the NL 2000, and 
between the IPAQ and NL 2000, the Wilcoxon Signed Rank t-tests revealed that these differences 
were not significant, p= 0.148 and p= 0.198, respectively. The Bland Altman plot in Figure 2a 
shows that the PAR and NL 2000 recorded similar values at lower levels of energy expenditure, 
with the mean difference being about zero. However, as energy expenditure levels exceeded 3000 
kcals/wk, there was a linear trend for the PAR to report more PA energy expenditure than the NL 
2000 (p= 0.001). In like manner, the Bland Altman plot in Figure 2b shows a zero bias between the 
IPAQ and the NL 2000, but like the PAR, the IPAQ systematically reports more EE than the NL 
2000 from about 3000 kcal/wk onward (p= 0.000). 
 37
Table 3. Means, Medians, and Standard Deviations of Energy Expenditure (kcal/wk) for 
the PAR, IPAQ, and NL 2000. 
 
 Mean Median Standard Deviation 
*NL 2000 
 kcal/wk 2744 2705 1059 
*PAR  
kcal/wk 2739 2335 1707 
*IPAQ  

























































R Sq Linear = 0.5
 
Figure 2. Mean difference and limits of agreement (95% confidence interval) with best fit 
regression line expressed in kcal/wk (N=106) between the NL 2000 and PAR (a) and the 
NL 2000 and IPAQ (b). The linear trend was significant for both the PAR (p= 0.001) and 
the IPAQ (p= 0.000).   
PAR and IPAQ energy expenditure in MET-min/wk vs. NL 2000  
 
The Pearson correlation coefficient confirmed a significant relationship between the PAR 
MET-min/ wk and NL 2000 MET-min/wk (r= 0.213, p= 0.028). In contrast, the Spearman 
correlation coefficient revealed no significant correlation between the IPAQ MET-min/wk and NL 
2000 MET-min/wk (r= 0.152, p= 0.121). Means, medians, and standard deviations for energy 
expenditure (expressed in MET-min/wk) from the PAR, IPAQ, and NL 2000 are reported in Table 
4. Paired sample t-tests found no difference between the PAR and the NL 2000  (t = -0.567, p = 
0.572), and likewise, the Wilcoxon Signed Rank test reported no significant difference between the 
IPAQ and PAR in MET-min/wk (p= 0.188). Consistent with the lack of a significant difference, the 
Bland Altman plots in Figure 3a (for the PAR) and in Figure 3b (for the IPAQ) showed a zero bias.  
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Table 4. Means, Medians, and Standard Deviation of Energy Expenditure (MET-min/wk) 
for the PAR, IPAQ, and NL 2000. 
 Mean Median Standard Deviation 
NL 2000  
MET-min/wk 2444 2319 813 
PAR  
MET-min/wk 2362 2070 1202 
IPAQ   
MET-min/wk* 2440 1868 1953 

























































R Sq Linear = 0.498
 
Figure 3. Mean difference and limits of agreement (95% confidence interval) with best fit 
regression line for PA MET-min/wk (N=106) between the NL 2000 and PAR (a) and the NL 2000 
and IPAQ (b). The linear trend was significant for both (p= 0.000). 
 
with the NL 2000, however, when PAEE exceeded about 3000 MET-min/wk, both the PAR and 
the IPAQ showed a linear trend to report more PAEE than the NL 2000 (p= 0.000).  
LC moderate and vigorous MET-min/wk vs. PAR moderate and vigorous MET-min/wk 
 
 The correlations between LC and PAR for moderate MET-min/wk (r= 0.115, p= 0.411), 
and between the LC and PAR for vigorous MET-min/wk (r= 0.179, p= 0.204) were not significant.  
Means, medians, and standard deviations for moderate and vigorous MET-min/wk from the PAR 
and LC are reported in Table 5. The Wilcoxon Signed Rank t-tests showed that there was a 
significant difference between the PAR and LC for both moderate MET-min/wk (p= 0.019), and 
vigorous MET-min/wk (p= 0.000). The Bland Altman plot in Figure 4a shows that the PAR 
reports about the same PAEE as the LC at the lower end of PA continuum, but as overall energy 
expenditure increases, the PAR tends to report more PAEE (p= 0.000). Likewise, Figure 4b  
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Table 5. Means, Medians, and Standard Deviations of Energy Expenditure in moderate 
and vigorous (MET-min/wk) for the PAR and LC. 
 Mean Median Standard Deviation 
*PAR moderate  
MET-min/wk 1465 1290 800 
*LC moderate  
MET-min/wk 1062 983 393 
*PAR vigorous  
MET-min/wk 863 360 360 
*LC vigorous  
MET-min/wk 147 101 187 


































































R Sq Linear = 0.902
 
Figure 4. Mean difference and limits of agreement (95% confidence interval) with best fit 
regression line for PA moderate MET-min/wk (N=53) between the LC and PAR (a) and 
PA vigorous MET-min/wk (N=53) between the LC and PAR (b). The linear trend was 
significant for both (p= 0.000). 
 
shows that the PAR uniformly reports more PAEE than the LC at almost all levels of vigorous 















The purpose of this study was to characterize the PA level of students who have 
just made the transition from high school to college by comparing survey (PAR and 
IPAQ) and objective (Lifecorder and the NL 2000) instruments used to track PA. With 
regard to the objective measures, the relative agreement (correlation) between devices 
and between different expressions of energy expenditure was uniformly very high (range: 
r = 0.851 to 0.958). This high level of agreement between accelerometers is consistent 
with other studies (2, 12, 24, 26, 41, 42). Crouter et al. (12) examined the NL 2000 and 
Lifecorder and found that both estimated kcals in the same manner, by taking into 
account the subject’s RMR based on height, weight, and gender. Further, both 
accelerometers use the same mechanism and algorithm (Personal communications with 
John Apperson 4/11/07). Therefore, the relative agreement between the two in regards to 
energy expenditure would be expected. This also suggests that the NL 2000, costing only 
a fraction of the price of an LC, would be suitable for use in studies interested in global 
estimates of PAEE.  In contrast, the t-tests indicated systematic and significant 
differences between the NL 2000 and the LC in absolute (quantitative) expressions of PA 
energy expenditure. The mean difference between the two (from the Bland Altman plot) 
was about 350 kcal/wk or about 15%. Why this occurred is not clear given that they are 
very similar devices, however, the NL 2000 has been shown to more accurately detect 
steps at slower speeds (e.g., 54 m/min) compared to the LC (12). Since steps are a 
fundamental input that drives the estimate of PAEE, this may explain some of the 
difference.  
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There was a significant correlation between PAR kcal/wk and NL 2000 (r= 0.430, 
p= 0.000). This was consistent with the study by Taylor et. al (40), who compared a 
seven-day PA recall with the Vitalog objective monitor. In addition, the mean difference 
between the accelerometer and the NL 2000 was about zero, indicating that both the 
survey and the objective device provided similar overall estimates of PAEE in this 
entering freshman population. In contrast to the lack of differences between the PAR and 
the NL 2000 in our study, the Bland Altman plot indicates that as energy expenditure 
exceeded about 3000 kcal/wk, the PAR appears to report more PA than the NL 2000, 
with the differences becoming larger at higher energy expenditures. 
The PAR has been shown to provide good estimates of PAEE.  In the study by 
Blair et al., they examined men and women in the Five-City Project community health 
survey, and created a control group and an exercise intervention group (3). They found 
that the seven-day recall was sensitive enough to detect the increasing energy expenditure 
of the intervention group, and was positively associated with miles run during training 
(3). This finding suggests that the PAR provides useful estimates of PA, and detects 
increases in PA. In the study by Dishman et al., the validity of the 7-day recall was 
examined in college students by comparing it to a diary record (16). They found that the 
PAR agreed well with the diary record, but that the PAR was more accurate in placing 
students into highly active and inactive categories. Their overall finding was that the 7-
day recall provides a method for ranking and discriminating college students on PA, and 
that it is sensitive enough to detect real changes in college students’ PA. However, there 
may be additional reasons why the PAR recorded more PAEE than the NL 2000 at high 
levels of PAEE.  
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 One reason could be the accelerometer itself. The accelerometer excludes a step 
when it is not followed by another step in a fixed period of time (e.g., 4 seconds), so that 
could account for some of the difference in overall PAEE. However, we do not believe 
that can explain the difference between the NL 2000 and the PAR at higher levels of 
energy expenditure.  The fact that accelerometers do not track vigorous intensity activity 
accurately beyond a certain intensity level may be a more important reason.  Numerous 
investigators have shown that accelerometers track the energy expenditure associated 
with running speed well up to about 5-6 mph (8 – 9.6 km/hr), but at higher speeds it 
reports a constant level of PAEE (5, 19, 20, 24).  This would result in an underestimation 
of PA in those who participate in vigorous activities such as sports, which can make up a 
substantial portion of a college student’s leisure time physical activity (31).  However, 
the inability of the accelerometer to track high intensity PA is not the only explanation 
for the difference between the NL 2000 and the PAR. 
As mentioned in the methods, our subjects completed a seven-day PA log. When 
the PA logs of the top ten subjects ranked by energy expenditure according to the PAR 
were examined, we found that some subjects who participated in contact sports removed 
their devices before participation. These activities included judo, jujitsu, football, 
racquetball, and sand volleyball.  Other subjects participated in activities that 
accelerometers cannot track well, such as Pilates, weight lifting, and rock climbing. 
Consequently, the accelerometer was reporting less PA in some subjects because the 
device had to be removed (e.g., swimming) or was voluntarily removed by the student 
(e.g., judo, football). In contrast, the PAR is interview-administered and subjects answer 
in great detail and report their entire PA, including those when they did not wear their 
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monitor. Consequently, part of reason for the difference in PAEE between the PAR and 
the NL 2000 at high levels of energy expenditure was the inability of the accelerometer to 
respond and the fact that some subjects removed the device.  Another reason for the 
difference may be the PAR’s excellent ability to extract detail associated with 
participation in vigorous activity (36, 40). In general, the PAR provided a good estimate 
of overall PAEE in new college freshmen compared to the accelerometer, but did a better 
job in capturing the vigorous activity associated with those students at the high end of the 
PA continuum.  
The IPAQ kcal/wk correlated significantly with the NL 2000 kcal/wk (r= 0.275, 
p= 0.004). This value is similar to that reported recently by Dinger et al. (15) who 
examined the validity of the IPAQ with college students (r= 0.23). In our study, the IPAQ 
recorded fewer kcal/wk (2005) than the NL 2000 (2705), but the differences were not 
significant.  This was surprising given the large apparent difference between the IPAQ 
and the NL 2000 (700 kcal/wk), but the standard deviation of the IPAQ values was 
almost two-and-one-half times that of the NL 2000. When comparing the IPAQ with the 
NL 2000, the IPAQ reported somewhat less PA at low levels of energy expenditure, but 
then systematically reported more PAEE at about 3000 kcal/wk. The difference between 
the IPAQ and the NL 2000 could be due to the excellent ability of the accelerometer to 
track moderate intensity physical activity such as walking (2), and the lower ability of 
subjects to recall such activity or of survey instruments to bring that information forward 
(37). This is consistent with the findings of Dinger et al. (15), who reported low 
correlations between the IPAQ and the accelerometer for moderate intensity activities.  
 47
This leads to the same question that was examined with the PAR. Why did the 
IPAQ report more PAEE at the higher energy expenditure levels? When the PA logs of 
the top ten subjects ranked by energy expenditure according to the IPAQ were examined, 
we found that some were participating in several of the activities discussed earlier 
regarding the PAR. Additional activities found from the PA logs that objective sensors 
could not record included swimming and biking, and one in which the accelerometer was 
removed prior to participation (e.g., boxing).  
In general, the PAR (1290 MET-min/wk) reported more moderate-intensity PAEE 
than the LC (983 MET-min/wk), but it was not a systematic difference. At low levels of 
energy expenditure the accelerometer recorded higher values than the PAR, while at 
higher levels of moderate intensity PA, the opposite was observed. The former was 
expected because surveys have a lower ability to track moderate-intensity (compared to 
vigorous-intensity) PA (15, 36, 37). However, the latter observation was a surprise. 
Perhaps the students’ structured pattern of classes, meals, etc. facilitated the recall of the 
walking that makes up much of a student’s ordinary PA (34). Not surprisingly, the PAR 
uniformly reported more vigorous-intensity PAEE than the LC (360 MET-min/wk vs. 
101 MET-min/wk). This is consistent with the findings from Richardson et al. (36) who 
found that the 7-day recall had a greater ability to assess habitual PA in more vigorous 
intensities than in lower intensity PA. They also found that the PAR was more accurate in 
detecting vigorous activity in men, mainly due to the fact that they participated in very 
hard intensity activities, often relating to sports, which is usually well-defined and results 
in more accurate recall (36).  Finally, as mentioned earlier, the inability of the LC to track 
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accurately vigorous-intensity PA and the fact that some students removed the devices 
also accounts for some of the difference between the LC and the PAR. 
 Are these surveys actually providing better estimates of PAEE than the 
accelerometers in entering college freshmen? This may be the case when energy 
expenditure levels are high and involve sport-related activities that might not be tracked 
accurately by an accelerometer, which may have a limit in its ability to track activities 
beyond a certain intensity (5, 19, 20, 24).  In contrast, the accelerometer may be essential 
to capture accurately the PA of light-to-moderate intensities—something questionnaires 
do not do as well (37). This is important because the latter activities make up a 
substantial portion of a college student’s overall PA (29).  Consequently, it may be 
important to use both surveys and electronic devices to capture accurately the overall PA 
behavior of this population. 
There were some limitations to this study. First, although this study used 
accelerometers as a reference standard to compare to the surveys, it is noted that these 
devices only track ambulatory PA. Secondly, all participants who engaged in this study 
were volunteers, and may not be a representative sample of the college student 
population. Thirdly, the subjects knew they were wearing PA devices and keeping track 
of their PA by logs, which may have influenced the amount of PA that they did. Lastly, 
this was not a large sample size, and it may be beneficial to examine these findings in a 
larger group of college freshmen.  
Some strengths of this study were that to our knowledge, this is the first study to 
examine the PAR, IPAQ, and accelerometer in entering college freshman. Most studies 
examined individuals already in college, and did not assess them as entering freshman. 
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Also we used two objective measures and two PA surveys, which allowed us to make 
several comparisons and better assess what measures are most appropriate for tracking 
PA in this population.  
Overall, our findings indicated that the accelerometers correlated highly and were 
in close absolute agreement with one another. Secondly, the PAR and IPAQ both provide 
PA estimates that are significantly related to those of the accelerometers. Lastly, although 
the questionnaires were shown to capture more of the actual PA that very active new 
college freshmen participate in, the electronic devices did an excellent job of quantifying 
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FRESHMAN EXPERIENCE: LIFE IN MOTION 
 
Student Investigators: Tracy Swibas and Amber McMahon 
Address: Exercise, Sport, and Leisure Studies 
The University of Tennessee 
1914 Andy Holt Ave., 340 HPER 
Knoxville, TN 37914-2700 
Phone:  (865) 974-5051 
 
Purpose: College freshmen face many challenges. Among the decisions that 
individuals must make are choices about exercise and eating habits. This study is 
designed to gather information about eating and exercise patterns of college freshmen. 
We plan to gather this information early in the freshman year 2006 and then again late in 
spring 2007. If you choose to participate in this study, you will make a total of 4 visits to 
the Applied Physiology Laboratory (HPER Building, keep records of what you eat, and 
wear an activity monitor to measure your activity. You must be at least 18 years old to 
participate in this research study. The details are described below. 
 
Testing Procedures: During fall 2006 you will make 2 visits to the Applied Physiology 
Laboratory (HPER 314). The first visit will take about 1 hour and will consist of filling 
out 2 questionnaires and having your blood pressure and body composition measured. 
During this first visit you will complete a survey that asks basic demographic questions 
(sex, age, race, etc.) as well as questions about tobacco use, weight history, family history 
of major illness, and athletic history. You will also complete a questionnaire that gathers 
physical activity information on the previous 7 days. Next we will measure your blood 
pressure. The procedure will be like what you might have experienced in a physician’s 
office. We will put an inflatable cuff around your upper arm, inflate the cuff, and use a 
stethoscope to listen for sounds in an artery that is located in your elbow. Next will we 
use 2 techniques to estimate your body composition (i.e., your body fat percentage). For 
these procedures you will wear a swimming suit. We will use a tape measure to measure 
the distance around your waist and hips. We will also measure your height with a scale 
on the wall. You will then stand on a machine that estimates body fatness my measuring 
electrical currents in your body. Next, you will sit in a chamber that measures the size of 
your body. You will sit in this machine for 2-3, one-minute trials. During the time that 
the chamber is closed, you will be able to see your surroundings and breathe normally. 
Before leaving the laboratory, you will be given an activity monitor (some people will be 
given 2 monitors to wear – one on each hip) and instructions for completing a food diary. 
For 7 days following this session, you will wear the activity monitor(s) and record all that 
you eat and drink. The activity monitors are small devices that fit onto the waist band of 
your clothing. These will be worn continuously except when sleeping or when in water. 
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 Your second visit to the Applied Physiology Laboratory will occur immediately 
following the completion of 7-day eating record. This visit will take about 45 minutes. 
You will return the activity monitor(s). You will complete a physical activity 
questionnaire that asks about your exercise for the previous week. You will also complete 
a survey that asks questions about your opinion of exercise (e.g., your comfort level with 
exercise, how much you value exercise). An investigator will review your food diary with 
you and ask questions so that we can accurately interpret your responses. Once you have 
completed all aspects of this second visit, including returning all equipment, you will be 
given a $50 gift certificate that can be used in the UT Bookstore and/or UT Computer 
Store. 
 
 In spring 2007, you will be contacted to repeat this series of tests. Again the 
compensation will be a $50 gift certificate to the UT Bookstore. 
 
Potential Risks: There are no known risks to any of the tests you will complete as a 
part of this project. The major risk is loss of confidentiality, but your identity will be 
protected. Your test results will be labeled with a subject identification number, and your 
name will not be linked with your test results. All data will be secured in computers that 
are password protected and accessible only to study investigators. Hard copies of data 
and signed consent forms will be stored separately in locking file cabinets.  
 
Benefits of Participation: You will be given information about your body 
composition, blood pressure, and physical activity pattern. Your participation will 
provide researchers with greater insight into the choices that freshmen make about eating 
and exercise. 
 
Confidentiality:  As described above, your identity will be protected by 
investigators. No information will be provided to others without your written consent. 
Although researchers intend to publish the overall results of this study, you will not be 
identified as a participant in this project. 
 
Compensation: As described above, you will be given a $50 gift certificate to the 
UT Bookstore upon completion of all aspects of visits 1 and 2. Equipment and fully 
completed food and activity diaries must be returned in order to receive compensation. 
No partial compensation will be given.  Upon completion of visits 3 and 4 in spring 2007, 
another $50 gift certificate to the UT Bookstore will be given.  Again, no partial 
compensation will be given. 
 
Emergency Medical Treatment: The University of Tennessee does not automatically 
reimburse subjects for medical claims or other compensation. 
 
Contact Information: If you have questions or concerns at any time about your 
participation in this project, you may contact Dr. Dixie Thompson at (865) 974-8883 
(office – 340 HPER, University of Tennessee). If you have questions about your rights as 
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a research participant, contact the University of Tennessee Office of Research 
Compliance Officer at (865) 974-3466. 
 
Voluntary Participation: Your participation is voluntary, and you may stop your 
participation at any point. If you stop participation prior to completing the data collection, 
your data will be destroyed. If you stop participation before completing the requirements 
of the study, you will not receive the compensation. If you stop participation, you will be 
expected to return all equipment. 
 
Consent: I have read the above information. I have received a copy of this form. I 
agree to participate in this study. Researchers may keep my confidential contact 
information in the event that follow-up studies are conducted in subsequent years. 
 
Participant’s Signature: ______________________________ Date: ___________ 
 




































































1) What is your date of birth? Month ____ / Day ____ /Year ____ 
 




3) Are you Hispanic or Latino? 
 Yes 
 No 
 Don’t Know/Not Sure 
 




 Native Hawaiian or Other Pacific Islander 
 American Indian or Alaska Native 
 Multi-racial 
 Other (please specific) _______________ 
 Don’t Know/Not Sure 
 








7) Where do you currently live? 
 Campus residence hall 
 Off-campus housing 
 Fraternity or sorority house 
 Other university housing 
 Parent/guardian’s home 
 Other 
 





Medical History/Family History 
 
9) Has a doctor or other health professional every told you had any of the 
following medical conditions? (Please check all that apply) 
 Arthritis (joint problems) 
 Heart disease (heart attack or cardiovascular disease) 
 Stroke 
 Hypertension (high blood pressure) 
 Diabetes (high blood sugar) 
 Weight problem (overweight or obese) 
 Cancer – if so, what type? ______________________ 
 
10) Including living and deceased, were any of your blood relatives (i.e.,   
grandparents, parents, brothers, and sisters) ever told by a health  
professional that they had any  
of the following? (Please check all that apply) 
 Arthritis (joint problems) 
 Heart disease (heart attack or cardiovascular disease) 
 Stroke 
 Hypertension (high blood pressure) 
 Diabetes (high blood sugar) 
 Weight problem (overweight or obese) 
 Cancer – if so, what type? ______________________ 
 
11) Have you smoked at least 100 cigarettes (5 packs) in your entire life?  
 Yes  
 No  (Skip to question 14) 
 Don’t know / Not sure (Skip to question 14) 
 
12) Do you now smoke cigarettes every day, some days, or not at all?  
 Every day  
 Some days  
 Not at all (Skip to question 14) 
 Don’t know/Not sure (Skip to question 14) 
 
13) During the past 12 months, have you stopped smoking for one day or  
longer because you were trying to quit smoking?  
 Yes  
 No  
 Don’t know / Not sure 
 
14) Do you consider yourself now to be… 
 Overweight 
 Underweight 
 About the right weight 
 Don’t know 
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15) Would you like to weigh… 
 More 
 Less 
 Stay about the same 
 Don’t know 
 
16) How much did you weigh a year ago? ______ pounds 
 




 Don’t know 
 
18) During the past 12 months, have you tried to lose or keep from  
gaining weight? 
 Yes 
 No     Skip to question 20 below 
 Don’t know 
 
19) If yes to number 18 above, how did you try to lose or keep from  
gaining weight?   
         (Check all that apply) 
 Switched to foods with lower calories 
 Ate less fat 
 Exercised 
 Skipped meals 
 Ate diet foods or products 
 Used a liquid diet formula such as Slimfast or Optifast 
 Joined a weight loss program such as Weight Watchers, Jenny 
Craig, Tops, or Overeaters Anonymous 
 Took diet pills prescribed by a doctor 
 Took other pills, medicines, herbs, or supplements not needing a 
prescription 
 Took laxatives or vomited 
 Drank a lot of water 




20) During the past 12 months, have you tried to gain weight? 
 Yes 
 No     Skip to question 22 on next page 






21) If yes to number 20 above, how did you try to gain weight?   
         (Check all that apply) 
 Weight or Strength Training 
 Eating More Food 






Athletic Participation History 
 





20) In which high school varsity sports did you participate?  (Mark all that  
apply) 





 Cheer squad 
 Crew 
 Cross country 
 Cycling 
 Dance line 
 Diving 
 Fencing 




 Ice hockey 
 Lacrosse 
 Martial arts 







 Synchronized swimming 
 Team handball 
 Tennis 
 Track, Indoor 
 Track, Outdoor 
 Volleyball 
 Water polo 




















































PHYSICAL ACTIVITY QUESTIONNAIRE 
 
We are interested in finding out about the kinds of physical activities that college 
freshmen do as part of their everyday lives. The questions will ask you about the time 
you spent being physically active in the last 7 days. Please answer each question even 
if you do not consider yourself to be an active person. Please think about the activities 
you do at work, to get from place to place, and in your spare time for recreation, exercise 
or sport. 
 
Think about all the vigorous and moderate activities that you did in the last 7 days. 
Vigorous physical activities refer to activities that take hard physical effort and make 
you breathe much harder than normal. Moderate activities refer to activities that take 
moderate physical effort and make you breathe somewhat harder than normal. 
 
PART 1: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY 
This section is about all the physical activities that you did in the last 7 days solely for 
recreation, sport, exercise or leisure. 
 
1. During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time in your leisure time?  (Please do not count any walking you do to go to 
school, work, or between classes.) 
 
  _____ days per week 
 
  No walking in leisure time Skip to question 3 
 
2. How much time did you usually spend on one of those days walking in your leisure 
time? 
    
  _____ hours per day 
  _____ minutes per day 
  
3. Think about only those physical activities that you did for at least 10 minutes at a 
time. During the last 7 days, on how many days did you do vigorous physical 
activities like aerobics, running, fast bicycling, or fast swimming in your leisure 
time? 
 
  _____ days per week 
 
  No vigorous activity in leisure time Skip to question 5 
 
4. How much time did you usually spend on one of those days doing vigorous 
physical activities in your leisure time? 
 
  _____ hours per day 
  _____ minutes per day 
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5. Again, think about only those physical activities that you did for at least 10 minutes 
at a time. During the last 7 days, on how many days did you do moderate physical 
activities like bicycling at a regular pace, swimming at a regular pace, and doubles 
tennis in your leisure time? 
 
  _____ days per week 
 
  No moderate activity in leisure time Skip to question 7 on  
   next page 
 
6. How much time did you usually spend on one of those days doing moderate 
physical activities in your leisure time? 
 
 _____ hours per day 
 _____ minutes per day 
 
 
PART 2: TRANSPORTATION PHYSICAL ACTIVITY 
 
These questions are about how you traveled from place to place, including to places like 
campus, work, stores, movies, and so on. 
 
7. During the last 7 days, on how many days did you travel in a motor vehicle like a 
train, bus, car, or tram? 
 
  _____ days per week 
 
  No traveling in a motor vehicle Skip to question 9 
 
8. How much time did you usually spend on one of those days traveling in a train, bus, 
car, tram, or other kind of motor vehicle? 
 
  _____ hours per day 
  _____ minutes per day 
 
Now think only about the bicycling and walking you might have done to travel to and 
from campus, work, to do errands, or to go from place to place.  Please don’t count any 
walking you have already mentioned in Part I above. 
 
9. During the last 7 days, on how many days did you bicycle for at least 10 minutes at 
a time to go from place to place (e.g., between classes)? 
 
  _____ days per week 
 
  No bicycling from place to place Skip to question 11 
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10. How much time did you usually spend on one of those days to bicycle from place to 
place? 
 
  _____ hours per day 
  _____ minutes per day 
 
11. During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time to go from place to place (e.g. between classes)? 
 
  _____ days per week 
 
  No walking from place to place Skip to question 13 on  
   next page 
 
12. How much time did you usually spend on one of those days walking from place to 
place? 
 
  _____ hours per day 
_____ minutes per day 
 
PART 3: JOB- RELATED PHYSICAL ACTIVITY 
The section is about your work. This includes paid jobs, farming, volunteer work, course 
work, and any other unpaid work. Do not include unpaid work you might do around your 
dorm room or home (e.g., cleaning your dorm room, yard work, general maintenance, or 
caring for your family). 
 
13. Do you currently have a job or do any unpaid work outside where you live in 
Knoxville? 
 
  Yes 
 
  No Skip to question 20 on next page 
 
 
The next questions are about all the physical activity you did in the last 7 days as part of 
your paid or unpaid work. This does not include traveling to and from work. 
 
14. During the last 7 days, on how many days did you do vigorous physical activities 
like heavy lifting, digging, heavy construction, or climbing up stairs as part of your 
work? Think about only those physical activities that you did for at least 10 minutes 
at a time. 
 
  _____ days per week 
 
  No vigorous job-related physical activity Skip to question 16 
 
15. How much time did you usually spend on one of those days doing vigorous physical 
activities as part of your work? 
 
  _____ hours per day 
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  _____ minutes per day 
 
16. Again, think about only those physical activities that you did for at least 10 minutes at 
a time. During the last 7 days, on how many days did you do moderate physical 
activities like carrying light loads as part of your work? Please do not include 
walking. 
 
  _____ days per week 
 
  No moderate job-related physical activity Skip to question 18 
 
17. How much time did you usually spend on one of those days doing moderate 
physical activities as part of your work? 
 
  _____ hours per day 
  _____ minutes per day 
 
18. During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time as part of your work or school? Please do not count any walking you did to 
travel to or from work or school. 
 
  _____ days per week 
 
  No job or school-related walking Skip to question 20 on next page 
 
19. How much time did you usually spend on one of those days walking as part of your 
work or school?  (Do not include any walking you reported earlier in the survey). 
 
  _____ hours per day 
  _____ minutes per day 
 
PART 4: TIME SPENT SITTING 
 
The last questions are about the time you spend sitting while in class at school, doing 
homework, work, in the dorm or at home, and during leisure time. This may include time 
spent sitting at a desk, visiting friends, reading or sitting or lying down to watch 
television. Do not include any time spent sitting in a motor vehicle that you have already 
told me about. 
 
20. During the last 7 days, how much time did you usually spend sitting on a 
weekday? 
 
 _____ hours per day 
 _____ minutes per day 
 
21. During the last 7 days, how much time did you usually spend sitting on a weekend 
day? 
 
 _____ hours per day 
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This document describes recommended methods of scoring the data derived 
from the telephone / interview administered and self-administered IPAQ short 
and long form instruments. The methods outlined provide a revision to earlier 
scoring protocols for the IPAQ short form and provide for the first time a 
comparable scoring method for IPAQ long form. Latest versions of IPAQ 
instruments are available from www.ipaq.ki.se.  
Although there are many different ways to analyse physical activity data, to date 
there is no formal consensus on a ‘correct’ method for defining or describing 
levels of physical activity based on self–report population surveys. The use of 
different scoring protocols makes it very difficult to compare within and between 
countries, even when the same instrument has been used. Use of these scoring 
methods will enhance the comparability between surveys, provided identical 
sampling and survey methods have been used.  
2. Uses of IPAQ Instruments  
IPAQ short form is an instrument designed primarily for population 
surveillance of physical activity among adults. It has been developed and 
tested for use in adults (age range of 15-69 years) and until further 
development and testing is undertaken the use of IPAQ with older and 
younger age groups is not recommended.   
IPAQ short and long forms are sometimes being used as an evaluation tool in 
intervention studies, but this was not the intended purpose of IPAQ. Users 
should carefully note the range of domains and types of activities included in 
IPAQ  before using it in this context. Use as an outcome measure in small 
scale intervention studies is not recommended.  
3. Summary Characteristics of IPAQ Short and Long Forms  
1.  IPAQ assesses physical activity undertaken across a comprehensive 
set of domains including:  
a. leisure time physical activity  
b. domestic and gardening (yard) activities  
c. work-related physical activity  
d. transport-related physical activity;  
 
1 The IPAQ short form asks about three specific types of activity 
undertaken in the four domains introduced above. The specific types of activity 
that are assessed are walking, moderate-intensity activities and vigorous-
intensity activities.  
2 The items in the short IPAQ form were structured to provide separate 
scores on walking, moderate-intensity and vigorous-intensity activity. 
Computation of the total score for the short form requires summation of the 
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duration (in minutes) and frequency (days) of walking, moderate-intensity and 
vigorous-intensity activities. Domain specific estimates cannot be estimated.    
3 The IPAQ long form asks details about the specific types of activities 
undertaken within each of the four domains. Examples include walking for 
transportation and moderate-intensity leisure-time activity.  
4 The items in the long IPAQ form were structured to provide separate 
domain specific scores for walking, moderate-intensity and vigorous-intensity 
activity within each of the work, transportation, domestic chores and gardening 
(yard) and leisure-time domains. Computation of the total scores for the long 
form requires summation of the duration (in minutes) and frequency (days) for all 
the types of activities in all domains. Domain specific scores or activity specific 
sub-scores may be calculated. Domain specific scores require summation of the 
scores for walking, moderate-intensity and vigorous-intensity activities within the 
specific domain, whereas activity-specific scores require summation of the 
scores for the specific type of activity across domains.  
 
4. Overview of Continuous and Categorical Analyses of IPAQ  
Both categorical and continuous indicators of physical activity are possible from 
both IPAQ forms. However, given the non-normal distribution of energy 
expenditure in many populations, it is suggested that the continuous indicator be 
presented as median minutes/week or median MET–minutes/week rather than 
means (such as mean minutes/week or mean MET-minutes/week).   
4.1 Continuous Variables  
Data collected with IPAQ can be reported as a continuous measure. One 
measure of the volume of activity can be computed by weighting each type of 
activity by its energy requirements defined in METs to yield a score in MET–
minutes. METs are multiples of the resting metabolic rate and a MET-minute is 
computed by multiplying the MET score of an activity by the minutes performed.  
MET-minute scores are equivalent to kilocalories for a 60 kilogram person. 
Kilocalories may be computed from MET-minutes using the following equation:  
MET-min x (weight in kilograms/60 kilograms). MET-minutes/day or MET-
minutes/week can be presented although the latter is more frequently used and 
is thus suggested.  
Details for the computation for summary variables from IPAQ short and long 
forms are detailed below. As there are no established thresholds for 
presenting MET-minutes, the IPAQ Research Committee propose that these 
data are reported as comparisons of median values and interquartile ranges 
for different populations.  
4.2 Categorical Variable: Rationale for Cut Point Values  
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There are three levels of physical activity proposed to classify populations:  
1  Low  
2  Moderate  
3  High  
 
The algorithms for the short and long forms are defined in more detail in Sections 
5.3 and 6.3, respectively. Rules for data cleaning and processing prior to 
computing the algorithms appear in Section 7.  
Regular participation is a key concept included in current public health 
guidelines for physical activity.
1
 Therefore, both the total volume and the number 
of days/sessions are included in the IPAQ analysis algorithms.   
The criteria for these levels have been set taking into account that IPAQ asks 
questions in all domains of daily life, resulting in higher median MET-minutes 
estimates than would have been estimated from leisure-time participation alone. 
The criteria for these three levels are shown below.   
Given that measures such as IPAQ assess total physical activity in all domains, 
the “leisure time physical activity” based public health recommendation of 30 
minutes on most days will be achieved by most adults in a population. Although 
widely accepted as a goal, in absolute terms 30 minutes of moderate-intensity 
activity is low and broadly equivalent to the background or basal levels of activity 
adult individuals would accumulate in a day. Therefore a new, higher cutpoint is 
needed to describe the levels of physical activity associated with health benefits 
for measures such as IPAQ, which report on a broad range of domains of 
physical activity.  
‘High’  
This category was developed to describe higher levels of participation. Although 
it is known that greater health benefits are associated with increased levels of 
activity there is no consensus on the exact amount of activity for maximal benefit. 
In the absence of any established criteria, the IPAQ Research Committee 
proposes a measure which equates to approximately at least one hour per day or 
more, of at least moderate-intensity activity above the basal level of physical 
activity Considering that basal activity may be considered to be equivalent to 
approximately 5000 steps per day, it is  proposed that “high active” category be 
considered as those who move at least 12,500 steps per day, or the equivalent in 
moderate and vigorous activities. This represents at least an hour more 
moderate-intensity activity over and above the basal level of activity, or half an 
hour of vigorous-intensity activity over and above basal levels daily. These 
calculations were based on emerging results of pedometers studies.
2 
 
This category provides a higher threshold of measures of total physical activity 
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and is a useful mechanism to distinguish variation in population groups. Also it 
could be used to set population targets for health-enhancing physical activity 
when multi-domain instruments, such as IPAQ are used.  
Pate RR, Pratt M, Blair SN, Haskell WL , Macera CA, Bouchard C et al. Physical activity and public health. A 
recommendation from the Centers for Disease Control and Prevention and the American College of Sports Medicine. 
Journal of American Medical Association 1995; 273(5):402-7. and U.S. Department of Health and Human Services.  
Physical Activity and Health: A Report of the Surgeon General. Department of Health and Human Services, Centers for 
Disease Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, The Presidents' 
Council on Physical Fitness and Sports: Atlanta, GA:USA.  1996. 
2
 Tudor-Locke C, Bassett DR Jr.  How many steps/day 
are enough? Preliminary pedometer indices for public health. Sports Med. 2004;34(1):1-8.  
 ‘Moderate’  
This category is defined as doing some activity, more than the low active 
category. It is proposed that it is a level of activity equivalent to “half an hour of at 
least moderate-intensity PA on most days”, the former leisure time-based 
physical activity population health recommendation.  
‘Low’  
This category is simply defined as not meeting any of the criteria for either of 
the previous categories.  
5. Protocol for IPAQ Short Form  
5.1 Continuous Scores  
Median values and interquartile ranges can be computed for walking (W), 
moderate-intensity activities (M), vigorous-intensity activities (V) and a combined 
total physical activity score. All continuous scores are expressed in MET-
minutes/week as defined below.  
5.2 MET Values and Formula for Computation of MET-minutes/week  
The selected MET values were derived from work undertaken during the IPAQ 
Reliability Study undertaken in 2000-2001
3
. Using the Ainsworth et al. 
Compendium (Med Sci Sports Med 2000) an average MET score was derived for 
each type of activity. For example; all types of walking were included and an 
average MET value for walking was created. The same procedure was 
undertaken for moderate-intensity activities and vigorous-intensity activities. The 
following values continue to be used for the analysis of IPAQ data: Walking = 3.3 
METs, Moderate PA = 4.0 METs and Vigorous PA = 8.0 METs. Using these 
values, four continuous scores are defined:  
Walking MET-minutes/week = 3.3 * walking minutes * walking days Moderate MET-minutes/week 
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= 4.0 * moderate-intensity activity minutes * moderate days Vigorous MET-minutes/week = 8.0 * 
vigorous-intensity activity minutes * vigorous-intensity days Total physical activity MET-
minutes/week = sum of Walking + Moderate + Vigorous MET-minutes/week scores.    
5.3 Categorical Score  
Category 1  Low  
This is the lowest level of physical activity.  Those individuals who not meet 
criteria for Categories 2 or 3 are considered to have a ‘low’ physical activity 
level.  
3
 Craig CL,Marshall A , Sjostrom M et al.  International Physical Activity Questionnaire: 12 country reliability 
and validity Med Sci Sports Exerc 2003;August  
Category 2  Moderate  
The pattern of activity to be classified as ‘moderate’ is either of the following 
criteria: a) 3 or more days of vigorous-intensity activity of at least 20 minutes 
per day  
OR  
b) 5 or more days of moderate-intensity activity and/or walking of at 
least 30 minutes per day  
OR  
c) 5 or more days of any combination of walking, moderate-intensity or 
vigorous intensity activities achieving a minimum Total physical activity 
of at least 600 MET-minutes/week.  
Individuals meeting at least one of the above criteria would be defined as 
accumulating a minimum level of activity and therefore be classified as 
‘moderate’. See Section 7.5 for information about combining days across 
categories.  
Category 3 High  
A separate category labelled ‘high’ can be computed to describe higher levels of  
participation.  
The two criteria for classification as ‘high’ are:   
 
a)  vigorous-intensity activity on at least 3 days achieving a minimum 
Total physical activity of at least 1500 MET-minutes/week   
OR  
b)  7 or more days of any combination of walking, moderate-intensity 
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or vigorous-intensity activities achieving a minimum Total physical 
activity of at least 3000 MET-minutes/week.  
See Section 7.5 for information about combining days across categories.  
5.4  Sitting Question in IPAQ Short Form  
The IPAQ sitting question is an additional indicator variable of time spent in 
sedentary activity and is not included as part of any summary score of physical 
activity. Data on sitting should be reported as median values and interquartile 
ranges.  To-date there are few data on sedentary (sitting) behaviours and no 
well-accepted thresholds for data presented as categorical levels.  
6.  Protocol for IPAQ Long Form  
The long form of IPAQ asks in detail about walking, moderate-intensity and 
vigorous-intensity physical activity in each of the four domains. Note: asking 
more detailed questions regarding physical activity within domains is likely to 
produce higher prevalence estimates than the more generic IPAQ short form.    
6.1 Continuous Score  
Data collected with the IPAQ long form can be reported as a continuous measure 
and reported as median MET-minutes. Median values and interquartile ranges 
can be computed for walking (W), moderate-intensity activities (M), and vigorous-
intensity activities (V) within each domain using the formulas below. Total scores 
may also be calculated for walking (W), moderate-intensity activities (M), and 
vigorous-intensity activities (V); for each domain (work, transport, domestic and 
garden, and leisure) and for an overall grand total.  
6.2 MET Values and Formula for Computation of MET-minutes  
Work Domain  
Walking MET-minutes/week at work = 3.3 * walking minutes * walking days at work  
Moderate MET-minutes/week at work=  4.0 * moderate-intensity activity minutes * moderate-
intensity days at work  
Vigorous MET-minutes/week at work= 8.0 * vigorous-intensity activity minutes * vigorous-
intensity days at work  
Total Work MET-minutes/week =sum of Walking + Moderate + Vigorous MET-minutes/week 
scores at work.    
Active Transportation Domain  
Walking MET-minutes/week for transport = 3.3 * walking minutes * walking days for transportation  
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Cycle MET-minutes/week for transport= 6.0 * cycling minutes * cycle days for transportation   
Total Transport MET-minutes/week = sum of Walking + Cycling MET-minutes/week scores for  
transportation.  
Domestic and Garden [Yard Work] Domain  
Vigorous MET-minutes/week yard chores= 5.5 * vigorous-intensity activity minutes * vigorous-
intensity days doing yard work (Note: the MET value of 5.5 indicates that vigorous 
garden/yard work should be considered a moderate-intensity activity for scoring and 
computing total moderate intensity activities.)  
Moderate MET-minutes/week yard chores= 4.0 * moderate-intensity activity minutes * 
moderate-intensity days doing yard work   
Moderate  MET-minutes/week inside chores= 3.0* moderate-intensity activity minutes * 
moderate-intensity days doing inside chores.  
Total Domestic and Garden MET-minutes/week =sum of Vigorous yard + Moderate yard + 
Moderate inside chores MET-minutes/week scores.    
Leisure-Time Domain  
Walking MET-minutes/week leisure = 3.3 * walking minutes * walking days in leisure  
Moderate MET-minutes/week leisure = 4.0 * moderate-intensity activity minutes * moderate-
intensity days in leisure  
Vigorous  MET-minutes/week leisure = 8.0 * vigorous-intensity activity minutes * vigorous-
intensity days in leisure  
Total Leisure-Time MET-minutes/week = sum of Walking + Moderate + Vigorous MET-
minutes/week scores in leisure.    
Total Scores for all Walking, Moderate and Vigorous Physical Activities  
Total Walking MET-minutes/week = Walking MET-minutes/week (at Work + for Transport + in 
Leisure) Total Moderate MET-minutes/week total = Moderate MET-minutes/week (at Work + Yard 
chores +  
inside chores + in Leisure time) + Cycling Met-minutes/week for Transport + Vigorous Yard 
chores  
MET-minutes/week  Total Vigorous MET-minutes/week = Vigorous MET-minutes/week (at 
Work + in Leisure)  
Note: Cycling MET value and Vigorous garden/yard work MET value fall within the coding 
range of moderate-intensity activities.  
Total Physical Activity Scores  
An overall total physical activity MET-minutes/week score can be computed 
as: Total physical activity MET-minutes/week = sum of Total (Walking + Moderate + 
Vigorous) MET- 
minutes/week scores. This is equivalent to computing: Total physical activity MET-
minutes/week = sum of Total Work + Total Transport + Total Domestic and  
Garden + Total Leisure-Time MET-minutes/week scores.   
As there are no established thresholds for presenting MET-minutes, the 
IPAQ Research Committee proposes that these data are reported as 
comparisons of median values and interquartile ranges for different 
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populations.  
6.3 Categorical Score  
As noted earlier, regular participation is a key concept included in current public 
health guidelines for physical activity.
4
 Therefore, both the total volume and the 
number of day/sessions are included in the IPAQ analysis algorithms. There are 
three levels of physical activity proposed to classify populations – ‘low’,  
’moderate’, and ‘high’. The criteria for these levels are the same as for the IPAQ 
short [described earlier in Section 4.2]  
Category 1  Low  
This is the lowest level of physical activity.  Those individuals who not meet 
criteria for Categories 2 or 3 are considered ‘low’.  
Category 2  Moderate  
The pattern of activity to be classified as ‘moderate’ is either of the following 
criteria: d) 3 or more days of vigorous-intensity activity of at least 20 minutes 
per day  
OR  
e) 5 or more days of moderate-intensity activity and/or walking of at 
least 30 minutes per day  
OR  
4  
Pate RR, Pratt M, Blair SN, Haskell WL , Macera CA, Bouchard C et al. Physical activity and public health. A 
recommendation from the Centers for Disease Control and Prevention and the American College of Sports Medicine. 
Journal of American Medical Association 1995; 273(5):402-7. and U.S. Department of Health and Human Services. 
Physical Activity and Health: A Report of the Surgeon General. Department of Health and Human Services, Centers for 
Disease Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, The Presidents' 
Council on Physical Fitness and Sports: Atlanta, GA:USA.  1996.  
f)  5 or more days of any combination of walking, moderate-intensity or 
vigorous-intensity activities achieving a minimum Total physical activity of 
at least 600 MET-minutes/week.  
Individuals meeting at least one of the above criteria would be defined as 
accumulating a moderate level of activity. See Section 7.5 for information 
about combining days across categories.  
Category 3 High  
A separate category labelled ‘high’ can be computed to describe higher levels of  
participation.  
The two criteria for classification as ‘high’ are:   
 
a)  vigorous-intensity activity on at least 3 days achieving a minimum 
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Total physical activity of at least 1500 MET-minutes/week   
OR  
b)  7 or more days of any combination of walking, moderate-intensity 
or vigorous-intensity activities achieving a minimum Total physical 
activity of at least 3000 MET-minutes/week.  
See Section 7.5 for information about combining days across categories.  
6.4  IPAQ Sitting Question IPAQ Long Form  
The IPAQ sitting question is an additional indicator variable and is not included 
as part of any summary score of physical activity. To-date there are few data on 
sedentary (sitting) behaviours and no well-accepted thresholds for data 
presented as categorical levels. For the sitting question ‘Minutes’ is used as the 
indicator to reflect time spent in sitting rather than MET-minutes which would 
suggest an estimate of energy expenditure.  
IPAQ long assesses an estimate of sitting on a typical weekday, weekend day 
and time spent sitting during travel (see transport domain questions).   
Summary sitting variables include  
Sitting Total Minutes/week =  weekday sitting minutes* 5 weekdays +  weekend day sitting 
minutes* 2 weekend days  
Average Sitting Total Minutes/day = (weekday sitting minutes* 5 weekdays + weekend day 
sitting minutes* 2 weekend days) / 7  
Note: The above calculation of ‘Sitting Total’ excludes time spent sitting during travel because the 
introduction in IPAQ long directs the responder to NOT include this component as it would have 
already been captured under the Transport section. If a summary sitting variable including time 
spent sitting for transport is required, it should be calculated by adding the time reported 
(travelling in a motor vehicle) under transport to the above formula. Care should be taken in 
reporting these alternate  
data to clearly distinguish the ‘total sitting’ variable from a ‘total sitting – including transport’ 
variable.  
7. Data Processing Rules  
In addition to a standardized approach to computing categorical and 
continuous measures of physical activity, it is necessary to undertake standard 
methods for the cleaning and treatment of IPAQ datasets. The use of different 
approaches and rules would introduce variability and reduce the comparability 
of data.   
There are no established rules for data cleaning and processing on physical 
activity. Thus, to allow more accurate comparisons across studies IPAQ 
Research Committee has established and recommends the following guidelines:  
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7.1 Data Cleaning  
I.  Any responses to duration (time) provided in the hours and minutes 
response option should be converted from hours and minutes into 
minutes.    
II.  To ensure that responses in ‘minutes’ were not entered in the ‘hours’ 
column by mistake during self-completion or during data entry process, 
values of ‘15’, ‘30’, ‘45’, ‘60’ and ‘90’ in the ‘hours’ column should be 
converted to ‘15’, ‘30’, ‘45’, ‘60’ and ‘90’ minutes, respectively, in the 
minutes column.  
III.  In some cases duration (time) will be reported as weekly (not daily) e.g., 
VWHRS, VWMINS. These data should be converted into an average daily 
time by dividing by 7.  
IV.  If ‘don’t know’ or ‘refused ‘ or data are missing for time or days then that 
case is removed from analysis.  
Note: Both the number of days and daily time are required for the creation of 
categorical and continuous summary variables  
7.2 Maximum Values for Excluding Outliers  
This rule is to exclude data which are unreasonably high; these data are to be 
considered outliers and thus are excluded from analysis. All cases in which the 
sum total of all Walking, Moderate and Vigorous time variables is greater than 
960 minutes (16 hours) should be excluded from the analysis. This assumes 
that on average an individual of 8 hours per day is spent sleeping.  
The ‘days’ variables can take the range 0-7 days, or 8, 9 (don’t know or refused); 
values greater than 9 should not be allowed and those cases excluded from 
analysis.    
7.3 Minimum Values for Duration of Activity  
Only values of 10 or more minutes of activity should be included in the 
calculation of summary scores. The rationale being that the scientific evidence 
indicates that episodes or bouts of at least 10 minutes are required to achieve 
health benefits. Responses of less than 10 minutes [and their associated days] 
should be re-coded to ‘zero’.  
7.4  Truncation of Data Rules  
This rule attempts to normalize the distribution of levels of activity which are 
usually skewed in national or large population data sets.   
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In IPAQ short - it is recommended that all Walking, Moderate and Vigorous time 
variables exceeding ‘ 3 hours’ or ‘180 minutes’ are truncated (that is re-coded) to 
be equal to ‘180 minutes’ in a new variable. This rule permits a maximum of 21 
hours of activity in a week to be reported for each category (3 hours * 7 days).  
In IPAQ long – the truncation process is more complicated, but to be consistent 
with the approach for IPAQ short requires that the variables total Walking, total 
Moderate-intensity and total Vigorous-intensity activity are calculated and then, 
for each of these summed behaviours, the total value should be truncated to 3 
hours (180 minutes).  
When analysing the data as categorical variable or presenting median and 
interquartile ranges of the MET-minute scores, the application of the truncation 
rule will not affect the results. This rule does have the important effect of 
preventing misclassification in the ‘high’ category. For example, an individual who 
reports walking for 10 minutes on 6 days and 12 hours of moderate activity on 
one day could be coded as ‘high’ because this pattern meets the ‘7 day” and 
“3000 MET-min” criteria for ‘high’.  However, this uncommon pattern of activity is 
unlikely to yield the health benefits that the ‘high’ category is intended to 
represent.   
Although using median is recommended due to the skewed distribution of scores, 
if IPAQ data are analysed and presented  as a continuous variable using mean 
values, the application of the truncation rule will produce slightly lower mean 
values than would otherwise be obtained.  
7.5  Calculating MET-minute/week Scores   
Data processing rules 7.2, 7.3, and 7.4 deals first with excluding outlier data, 
then secondly, with recoding minimum values and then finally dealing with 
high values. These rules will ensure that highly active people remain classified 
as ‘high’, while decreasing the chances that less active individuals are 
misclassified and coded as ‘high’.  
Using the resulting variables, convert time and days to MET-minute/week 
scores  [see above Sections 5.2 and 6.2; METS x days x daily time].    
7.6  Calculating Total Days for Presenting Categorical Data on Moderate 
and High Levels  
Presenting IPAQ data using categorical variables requires the total number of 
‘days’ on which all physical activity was undertaken to be assessed. This is 
difficult because frequency in ‘days’ is asked separately for walking, moderate-
intensity and vigorous-intensity activities, thus allowing the total number of ‘days’ 
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to range from a minimum of 0 to a maximum of 21’days’ per week in IPAQ short 
and higher in IPAQ long. The IPAQ instrument does not record if different types 
of activity are undertaken on the same day.  
In calculating ‘moderately active’, the primary requirement is to identify those 
individuals who undertake activity on at least ‘5 days’/week [see Sections 4.2 
and 5.3]. Individuals who meet this criterion should be coded in a new variable 
called “at least five days” and this variable should be used to identify those 
meeting criterion b) at least 30 minutes of moderate-intensity activity and/or 
walking; and those meeting criterion c) any combination of walking, moderate-
intensity or vigorous-intensity activities achieving a minimum of 600 MET-
minutes/week.  
Below are two examples showing this coding in practice: i) an 
individual who reports ‘2 days of moderate-intensity’ and ‘3 
days of walking’ should be coded as a value indicating  “at 
least five days”;  
ii)  an individual reporting ‘2 days of vigorous-intensity’, ‘2 days of 
moderate-intensity’ and ‘2 days of walking should be coded as a value 
to indicate  “at least five days” [even though the actual total is 6].  
The original frequency of ‘days’ for each type of activity should remain in the 
data file for use in the other calculations.  
The same approach as described above is used to calculate total days for 
computing the ‘high’ category. The primary requirement according to the stated 
criteria is to identify those individuals who undertake a combination of walking, 
moderate-intensity and or vigorous-intensity activity on at least 7 days/week [See 
section 4.2]. Individuals who meet this criterion should be coded as a value in a 
new variable to reflect “at least 7 days”.  
Below are two examples showing this coding in practice: i) an 
individual who reports ‘4 days of moderate-intensity’ and ‘3 
days of walking’ should be coded as the new variable “at least 
7 days”.  
ii)  an individual reporting ‘3 days of vigorous-intensity’, ‘3 days 
moderate-intensity’ and ‘3 days walking’  should be coded as “at least 
7 days” [even though the total adds to 9] .  
8.  Summary algorithms  
The algorithms in Appendix 1 and Appendix 2 to this document show how these 
rules work in an analysis plan, to develop the categories 1 [Low], 2 [Moderate], 
and 3 [High] levels of activity.    
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APPENDIX 1  
At A Glance  
IPAQ Scoring Protocol (Short Forms) 
 
Continuous Score  
Expressed as MET-min per week:  MET level x minutes of activity/day x days per week  
Sample Calculation  
MET levels      MET-minutes/week for 30 min/day, 
5 days  
Walking = 3.3 METs 3.3*30*5 = 495 MET-minutes/week Moderate Intensity = 
4.0 METs 4.0*30*5 = 600 MET-minutes/week Vigorous Intensity = 8.0 METs 
8.0*30*5 = 1,200 MET-minutes/week  
___________________________  
TOTAL = 2,295 MET-minutes/week  
Total MET-minutes/week = Walk (METs*min*days) + Mod (METs*min*days) 
+ Vig (METs*min*days)  
Categorical Score- three levels of physical activity are proposed   
1. Low  
No activity is reported OR  
Some activity is reported but not enough to meet Categories 2 or 3.  
 
2. Moderate  
Either of the following 3 criteria  
3 or more days of vigorous activity of at least 20 minutes per day OR  
5 or more days of moderate-intensity activity and/or walking of at least 30 minutes per 
day OR 5 or more days of any combination of walking, moderate-intensity or vigorous-
intensity activities achieving a minimum of at least 600 MET-minutes/week.    
 
3. High  
Any one of the following 2 criteria   
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Vigorous-intensity activity on at least 3 days and accumulating at least 1500 MET-
minutes/week OR 7 or more days of any combination of walking, moderate- or vigorous-
intensity activities accumulating at least 3000 MET-minutes/week  
 
Please review the full document “Guidelines for the data processing and analysis of the International 
Physical Activity Questionnaire” for more detailed description of IPAQ analysis and 
recommendations for data cleaning and processing [www.ipaq.ki.se].  
APPENDIX 2  
At A Glance  
IPAQ Scoring Protocol (Long Forms) 
 
Continuous Score  
Expressed as MET-minutes per week:  MET level x minutes of activity/day x days per 
week  
Sample Calculation  
MET levels     MET-minutes/week for 30 min/day, 5 days  
Walking at work= 3.3 METs 3.3*30*5 = 495 MET-minutes/week Cycling for 
transportation= 6.0 METs 6.0*30*5 = 900 MET-minutes/week Moderate yard 
work= 4.0 METs 4.0*30*5 = 600 MET-minutes/week Vigorous intensity in 
leisure= 8.0 METs  8.0*30*5 = 1,200 MET-minutes/week  
___________________________  
TOTAL = 3,195 MET-minutes/week  
Domain Sub Scores Total MET-minutes/week at work = Walk (METs*min*days) + Mod 
(METs*min*days) + Vig (METs*min*days) at work  
Total MET-minutes/week for transportation = Walk (METs*min*days) + 
Cycle (METs*min*days) for transportation  
Total MET-minutes/week from domestic and garden = Vig (METs*min*days) yard 
work + Mod (METs*min*days) yard work + Mod (METs*min*days) inside chores  
Total MET-minutes/week in leisure-time = Walk (METs*min*days) + Mod 
(METs*min*days)  
+ Vig (METs*min*days) in leisure-time  
Walking, Moderate-Intensity and Vigorous-Intensity Sub Scores  
Total Walking MET-minutes/week = Walk MET-minutes/week (at Work + for Transport 
+ in Leisure)  
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Total Moderate MET-minutes/week = Cycle MET-minutes/week for Transport + Mod 
MET-minutes/week (Work + Yard chores + Inside chores + Leisure) + Vigorous Yard 
chores MET-minutes  
Note: The above is a total moderate activities only score. If you require a total of all moderate-
intensity physical activities you would sum Total Walking and Total Moderate   
Total Vigorous MET-minutes/week = Vig MET-minutes/week (at Work + in Leisure)  
Total Physical Activity Score Total Physical Activity MET-minutes/week = Walking 




Total Physical Activity MET-minutes/week = Total MET-minutes/week (at Work 
+ for Transport + in Chores + in Leisure)  
Categorical Score- three levels of physical activity are proposed   
1. Low  
No activity is reported OR  
a. Some activity is reported but not enough to meet Categories 2 or 3.  
2. Moderate  
Either of the following 3 criteria  
a.  3 or more days of vigorous-intensity activity of at least 20 minutes per day OR  
b.  5 or more days of moderate-intensity activity and/or walking of at least 30 
minutes per day OR  
c.  5 or more days of any combination of walking, moderate-intensity or vigorous-
intensity activities achieving a minimum of at least 600 MET-min/week.    
 
3. High  
Any one of the following 2 criteria   
Vigorous-intensity activity on at least 3 days and accumulating at least 1500 MET-
minutes/week OR  
7 or more days of any combination of walking, moderate- or vigorous- intensity activities 
accumulating at least 3000 MET-minutes/week  
 
Please review the full document “Guidelines for the data processing and analysis of the International 
Physical Activity Questionnaire” for more detailed description of IPAQ analysis and 













































7-Day Physical Activity Recall       
                                                                                      Subject ID 
PAR#: 1 2 3 4 5 6 7                      Participant__________________________ 
                                                         Today is _______Today’s Date__________ 
 
1. Were you employed  in the last seven days?  0. No (Skip to Q#4) 1. Yes 
      2.  How many days of the last seven did you work?  ____ days 
      3. How many total hours did you work in the last 7 days? ____ hours last wee 
      4. What two days do you consider your weekend days?         ____________  __________ 
                                                                                                               (mark days below with a squiggle)   
 
WORKSHEET                                                             DAYS 
                                                                                                                                                     
 










































































       
       
       
       
       
       
       
       























4a. Compared to your physical activity over the 
past 3 months, was last week’s physical activity 
more, less, or about the same? 
 
 
1. More         2. Less        3. About the same 
6. Do you think this was a valid PAR survey? 
 
 
1. Yes                  0. No 
                            If NO, go to the back and    
                             explain. 
5.  Were there any problems with the PAR 
survey? 
 
0. No                       1. Yes 
                           If YES, go to the back and     
                                   explain. 
7.Were there any special circumstances 
concerning this PAR? 
 
0. No          1. Yes, if YES, what were they? 
(circle) 
 
1.Injury all week   2.Illness at work  3.Illness 
part week 
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Seven-Day Physical Activity Recall 
Activity component(s) assessed: Leisure and occupational 
Time frame of recall: Past 7 d 
Original mode of administration: Interviewer-administered 
Primary source of information: Dr. James F. Sallis; Department of Psychology; San Diego State 
University; 6263 Alvarado Ct., Suite 103; San Diego, CA 92120 
Primary reference: Sallis, J. F., W. Haskell, P. Wood, et al. Physical activity assessment methodology 
in the Five-City Project. Am. J. Epidemiol. 121:91-106, 1985. 
INSTRUCTIONS 
Comprehensive instructions are included below in the Project GRAD Manual, courtesy of Dr. 
James F. Sallis. 
Project GRAD Seven-Day Physical Activity Recall Interviewer's Manual 
Contributors  
Julie Sarkin, Joan Campbell, 
Lisa Gross, Julia Roby, Sabrina Bazzo 
James Sallis, and Karen Calfas 
San Diego State University 
San Diego, CA 
HISTORICAL BACKGROUND 
The Seven-Day Physical Activity Recall (PAR) interview was originally developed for use in the 
Stanford Five-City Project in the early 1980s(11). Because it is a general-purpose measure of 
physical activity that has been evaluated many times over the years, it is widely used in 
epidemiologic, clinical, and behavior change studies. 
The methodology has evolved a great deal over the years, because of accumulated experience, 
changing needs of studies, and changing concepts of physical activity and health. That process of 
evolution continues. In the Stanford Five-City Project interviewers requested subjects to report 
cumulative sleep and moderate, hard, and very hard activities for the previous 5 weekdays and 2 
weekend days. The protocol for this method was published by Blair (1). Blair's chapter also 
contains the basic instructions for computing kilocalories per kilogram per day of energy 
expenditure. Baranowski and colleagues working on the Texas Family Health Project (6) made a 
major modification by asking subjects to report activities separately for each of the past 7 days. 
To provide cues to assist memory, activities were recalled for morning, afternoon, and evening of 
each day. Sallis and colleagues in the San Diego Family Health Project(14) made further 
modifications. To expand the PAR beyond the assessment of continuous physical activity, a rule 
was instituted to score activities only if they totaled 15 min or more in a single intensity category 
for one portion of the day. Work and leisure activities were coded separately. These changes, a 
revised interviewer protocol, and a procedure for training interviewers, are described in an article 
by Gross et al.(4). This version was evaluated in children and adolescents (8). The interviewer 
checklist was added for the San Diego Study of Children's Activity and Nutrition (SCAN)(13), so 
supervisors could evaluate the quality of audiotaped interviews and provide feedback and 
retraining to interviewers. 
The next changes in the interviewer protocol occurred in Project PACE, when the PAR was used 
to evaluate physical activity counseling in primary care. The interview was adapted for telephone 
administration, and other revisions were made in response to common problems reported by 
interviewers. The list of example activities for each intensity category was no longer used, and an 
alternative method of defining intensity levels was needed. A basic guideline was developed that 
moderate intensity activities produce feelings similar to those accompanying brisk or fast walking; 
very hard activities produce feelings similar to those of running or jogging; and hard activities 
produce feelings that are between the feelings that go with moderate and very hard activities. A 
decision was made not to use symptoms of exertion, such as sweating or breathing hard, to 
define intensity because symptoms are dependent on fitness levels and environmental 
conditions. 
 93
The current interviewer manual was developed for Project GRAD, a study of physical activity 
promotion in university students. This study also relies on telephone administration. The principal 
modification of the protocol for the GRAD study was to add specific questions on participation in 
strength and flexibility exercises, because these are key outcomes of the study. To increase 
sensitivity to walking, the guidelines for moderate physical activity were changed to walking at a 
normal pace. This manual contains instructions on how to deal with a wide range of questions 
and problems that have been encountered over the years. New materials have been added to 
make the interview as structured and consistent across interviewers as possible. This manual 
contains an introduction, an explanation of interview techniques used in training, a suggested 
script that is used primarily as a guide, a sample data collection form, and the interviewer 
checklist. The current manual reflects accumulated experience with approximately 75 
interviewers in the San Diego studies. 
A comparison of the current interviewer protocol and data collection form with the original version 
published in Blair (1) demonstrates the extent to which the PAR has evolved. We have found the 
basic format of the PAR to be adaptable to differing needs of the various studies and populations. 
The current version meets the needs of the GRAD study, but other studies are likely to have 
different needs. For example, the multi-center Activity Counseling Trial (ACT) used the current 
PAR manual in developing another version that was customized to suit that study. When using 
the PAR in studies, investigators are encouraged to report the source of the basic protocol and to 
describe any changes that were made. 
INTRODUCTION 
The PAR is a semi-structure interview that estimates an individual's time spent in physical 
activity, strength, and flexibility activities for the 7 days prior to the interview. The general 
interview format is as follows: An interviewer asks the participant to recall time spent sleeping and 
doing physical activities for the past 7 days. The interviewer guides the participant through the 
recall process, day-by-day, to determine duration and intensity of the physical activities. 
Although the PAR is designed to include a variety of physical activities, such as aerobic exercise, 
work-related activities, gardening, walking, recreation, and leisure-time physical activities, only 
physical activities of moderate intensity and greater are counted. From hours spent in moderate, 
hard, and very hard intensity physical activities, total kilocalories/day can be estimated. 
 
PURPOSE 
The purpose of this manual is to standardize the interview process and to increase agreement 
among interviewers. A standardized interview helps to decrease error by maintaining consistency 
across interviewers and limiting an interviewer's bias. 
INTERVIEWER'S ROLE 
The role of the interviewer is to gather accurate information from the participant. This is not 
always easy. If a standard format is not followed, an interviewer might gather information that is 
biased by subjective thoughts and feelings he/she may have about what physical activity a 
participant actually does or does not perform. Following a standard format will minimize guessing 
and over- or underestimating a participant's physical activity. 
INTERVIEWER SKILLS 
To ensure that the PAR's data is indicative of a participant's energy expenditure, it is necessary to 
develop good interview methods and skills. It is important to ask appropriate open-ended 
questions, have good timing, prompt often without leading the participant, and provide cues and 
definitions when necessary. Many people find it difficult to recall the past week's physical activity 
because it occurs throughout the day, in different settings, and might not be a discrete event. 
However, with training and practice, an interviewer develops the skills necessary to facilitate 
recall of past events. 
A good interviewer uses an appropriate amount of prompting and questioning to gather accurate 
information. For example, some participants find it harder than others to remember what he or 
she was doing 7 days ago. By asking the appropriate questions, a good interviewer can help 
bring the participant back to that day and setting and help the participant restructure what he or 
she was doing. Examples of open-ended questions that help a participant recall his or her day 
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might be, What were you doing Tuesday morning? You said that you got up at 6:00 a.m. Did you 
go anywhere after that?... Did you watch any particular TV show?... What did you make for 
dinner?... What did you do that evening? 
A participant does not need to state every day's details but should think to him or herself what he 
or she was doing. If a participant is going into excessive detail, remind him or her that he or she 
does not need to account for every minute. It is appropriate to ask, How much time in general? 
A good interviewer controls the pace and structure of the interview but does not control the 
participants' answers. Be impartial and allow the participant to decide how he or she is going to 
answer. For example, when a participant is asked to choose the intensity of a physical activity, 
only the participant should decide how to rate it. Be aware of your own opinions so that you do 
not manipulate the information. Remember to record what is heard, not what you think it should 
be. 
PHYSICAL ACTIVITY 
Measuring daily physical activity accurately is a difficult task because participants do not always 
define what they are doing as physical activity, they do not always remember exactly what they 
did, and many daily activities, such as walking, do not have a distinctive start and finish. 
When measuring physical activity, it is necessary to consider the frequency, intensity, time, and 
type of the physical activity. (The F.I.T.T. acronym is a helpful memory tool.) The PAR interview 
focuses on collecting data on intensity, time or duration, and type of activity. Intensity and time 
will be discussed in detail later. Although the specific type of activity is not recorded, the PAR 
differentiates between occupational physical activities, such as stocking shelves, waitressing, and 
construction work, and leisure activity (i.e., all other physical activities that are not done during 
paid work hours.) 
Most participants spend the majority of their waking hours in light activity. Many tiring household 
or occupational tasks do not have a very high energy cost. Store clerks may report feeling 
fatigued from standing all day, but the energy cost is minimal. 
With occupational tasks, it is necessary to clarify the time spent in physical activity by asking 
about breaks. Time spent on lunch, coffee breaks, and standing breaks can be subtracted from 
physical activity time. For example, a store clerk reports stocking shelves for 8 h and is asked if 
he or she took any breaks. After recalling time spent on lunch and just standing around, the clerk 
reports spending 6 of the 8th doing moderate physical activity. 
DEVELOPING INTERVIEWER SKILLS (PROCEDURES) 
The remainder of the manual will explain how to administer the Seven-Day PAR Interview. Read 
the Interviewer Preparation Guidelines and telephone script and listen to recorded PAR 
interviews to gain a better understanding of what is involved. After listening to a few interviews, 
try scoring an interview and practicing with friends and relatives. To determine if you are 
proficient, tape an actual interview, record the data on the worksheet, and score the Interviewer 
Checklist by listening to your interview tape. If you miss two or less techniques on the Interviewer 
Checklist and you have correctly scored your PAR worksheet, then you may begin using the PAR 
interview. It is highly recommended that you continue taping and reviewing your own interviews, 
using the Interviewer Checklist as well as having a second proficient interviewer check your work. 
Interviewer Preparation Guidelines 
Before starting the interview, record the participant's name, social security or I.D. number, the 
interviewer's name, and the date. Also, write the day in the appropriate space and circle the 
number that corresponds to how many times the PAR has been administered to that participant. 
Usually, the PAR is administered more than once to a participant. For example, 2 wk of physical 
activity could be sampled at baseline and at post-intervention to better define physical activity 
levels at each measurement point. Also, interobserver or test-retest reliabilities require more than 
one administration. It is important for researchers and data entry to know if it is the first, second, 
or third time the participant has been interviewed. 
Establishing the days of the week for the recall. Label the worksheet with the appropriate 
days of the week. It has been found that recalling events is easier when working backwards from 
the present day to 1 wk ago from today. Record yesterday above column 7 [7]. Work backwards 
so that column 1 [1] reads 1 wk ago from today. 
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Example: Today is Tuesday, yesterday was Monday, so Monday would appear over column 7. 
Sunday would appear over column 6 and so on. Tuesday, 1 wk ago today, would appear over 
column 1. 
Inform the participant that you will begin asking questions about yesterday and work backwards 
through the previous 7 d. 
Explain to the participant. Before starting the interview, the interviewer needs to briefly explain 
to the participant what is involved in the interview process. 
1. He or she is to think of the physical activities done during the past 7 d. Stress that this is a 
recall of actual activities for the past week, not a history of what he or she usually does. 
2. What physical activities we are not considering. We are not considering light activities, such as 
desk work, standing, light housework, softball, bowling, strolling, and stop-and-go walking such as 
grocery or window shopping. Clarify that we are interested in occupational, household, and sports 
activities that make you feel similar to how you feel when you are walking at a normal pace. 
3. He or she will be asked to categorize the intensity of the activity into one of three groups: 
moderate, hard, or very hard. Explain that the moderate category is similar to how you feel 
when you are walking at a normal pace, walking as if you were going somewhere, that the very 
hard category is similar to how you feel when you are running, and the hard category just falls in 
between moderate and very hard. In other words, if the activity in question seems harder than 
walking but not as strenuous as running, place it in the hard category. (Note that walking at a 
normal pace is relevant to the subject doing the recall.) 
Interview Questions 
Start the interview by asking the questions on the top of the PAR Worksheet. 
Employment information. Start the interview by asking the participant the employment 
question(s) on the 7-day PAR Worksheet. 
1. Were you employed in the last 7 d? 
2. How many days of the last 7 did you work? 
3. How many total hours did you work in the last 7 d? 
Weekend days. Determine the participant's weekend days by asking what 2 d of the week he or 
she considers to be his weekend days. Most people consider Saturday and Sunday to be their 
weekend days, but they may be different for some participants. Some participants state that they 
do not have weekend days because they work all week or never have 2 d off; in this case, ask 
what 2 d are most like weekend days. If only 1 d is given as a weekend day, then ask what other 
day is most like a weekend day. 
Record the weekend days on the lines provided on the worksheet (question 4). Draw squiggly 
lines through the 2 d the participant reports as his or her weekend days. 
Sleep. Determine the hours spent sleeping for the week. 
Define sleep . It is defined as from the time you get in bed to the time you get out of bed. The 
participant may not have been sleeping the entire time. They might have been reading, watching 
TV, or doing paperwork. The goal is to estimate an individual's hours spent in bed/night. The 
participant does not need to be asleep the entire time, because lying down and sleeping burn 
approximately the same number of kilocalories. Time spent in sexual activity is not counted. 
How to collect sleep information . Start with yesterday and work backward through the 
previous 7 days. 
1. Last night, what time did you go to bed? 
2. What time did you get out of bed this morning? 
Record sleep .  
1. Record the times he or she went to bed and got up in the morning, i.e., 10 p.m.-6 a.m. 
2. Determine hours spent in bed to the nearest ¼ h. 
3. If you were giving the interview on Tuesday, the first night of sleep recorded would be Monday 
night's. The participant goes to sleep Monday night and wakes up Tuesday morning. The total 
hours slept in this time frame would be recorded for Monday. 
Recording physical activity. Begin by explaining that we are going to record physical activities 
performed during three segments of each day. Dividing the day into segments provides a frame 
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of reference that may improve the subject's recall. Also, some researchers are interested in when 
physical activity is performed. 
Define the segments of the day: Morning is considered from the time you wake up in the morning 
to the time you have lunch, afternoon is from lunch to dinner, and evening is from dinner until the 
time you go to bed. If a meal is skipped, it is appropriate to define morning from the time a person 
wakes up to 12:00 p.m., afternoon from 12:00 p.m. to 6:00 p.m., and evening from 6:00 p.m. to 
bed. 
Ask about each day, starting with yesterday and working backward. 
To help recall significantly, set the stage for each day. Begin by asking, What did you do and 
where did you go Tuesday morning? (See Section G for more on this topic.) 
Intensity: Ask only about activities that are at least the intensity of walking, but include walking. 
1. Explain that the moderate category is similar to how you feel when you are walking at a 
normal pace, walking as if you were going somewhere; that the very hard category is similar to 
how you feel when you are running; and that the hard category just falls in between moderate and 
very hard. (Note that walking at a normal pace is relevant to the participant doing the recall.) 
2. Ask what the intensity was for each and every activity. The exception is running, and only 
running. If a person states that he or she jogged or ran, then that activity goes in the very hard 
category. It is not necessary to give the intensity guidelines. If a person categorizes running of 
jogging as moderate or hard, it is placed in the very hard category. This does not apply for 
walking because it is difficult to know if it was a stroll, normal, or brisk walk. For all other activities, 
baseball, swimming, surfing, painting, digging, etc., provide the intensity guidelines for 
comparison. 
3. Walking and running provide good frames of reference for classifying activities: 
Everyone should be familiar with the relative intensity of walking and running and, therefore, 
should be able to compare subjectively the physical activity he or she did to running or walking. 
If an activity seems to be about as strenuous to that individual as walking at a normal pace, 
then the activity should be coded as moderate. Running falls into the very hard category. If 
some activity seems about as strenuous to the individual as running, classify the activity as very 
hard. If the activity in question seems harder than walking but not as strenuous as running, place 
it in the hard category. 
4. For most activities, the rate at which it is performed can make a significant difference in the 
energy cost. For example, it is possible to play singles tennis without moving around very much, 
therefore, not spending much energy. Use comparisons to walking and running so the participant 
can rate how hard he did the activity. 
5. Walking: The interview needs to be sensitive to walking. Although people walk many times 
during the day, not all walks are counted. For example, we do not want to add up each time a 
person walks to the refrigerator. The specific rule for walking is that only walks of 5 min or longer 
are considered; count, then, only walks of a 5-min duration. However, that 5-min bout of walking 
can only be counted if another 5-min bout occurs in the same segment of the day in the same 
intensity category. For any activity to be counted, it must add up to at least 10 min in one intensity 
category for one segment of the day. (See 5a.) 
Duration  
1. Scoring: As with walking, a minimum duration has to be met for a physical activity to be 
recorded. The general rule is that a participant must do 15 min in a given intensity category in a 
given segment of the day. However, if the individual does at least 10 min of activity for that 
portion of the day, this amount is recorded and rounded to 15 min. 
2. Rounding Rules: A rounding table is provided on the PAR worksheet. This may be used for a 
quick reference. Examples of how rounding is used are shown below: Equation  
Top of Form 
Bottom of Form 
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3. Intermittently or continuously: The physical activity can be performed intermittently or 
continuously during one segment of the day, whether morning, afternoon, or evening. For 
example, if their activities add up to at least 10 min in one intensity category (e.g., hard) for one 
segment of the day (e.g., Wednesday afternoon), then that activity is recorded. If 10 min of 
physical activity is spread out over two or more segments of the day, it is not recorded. The 
purpose of this rule is to eliminate the need to recall and record each minute of activity. 
4. Trouble Recalling: Some people have trouble quantifying the amount of time they spent doing 
moderate, hard, or very hard activities. In such cases, break down all of their activities into 
specific events and ask them how long they did each activity. Then sum up the amount of time 
relevant to each category. If the individual is having difficulty quantifying the amount of time 
engaged in a particular activity, suggest to the individual possible time frames, such as 15 min, 30 
min, 45 min, etc. 
5. Breaks: Do not record time spent on breaks, rest periods, and meals. Be sure that the time 
reported for an activity was actually spent doing the activity. Being at the swimming pool for 2 h 
but only swimming for 15 min should be recorded as 15 min, not 2 h. Working in the garden all 
day Saturday(8 h) should mean actually working for 8 h. Query participants to be sure they are 
reporting these activities accurately. 
Strength and flexibility. Explain that he or she will be recalling any strength and flexibility 
exercise performed within the past 7 d. It is easiest to define strength and flexibility at the end of 
the first day of recall. 
Define strength and flexibility activities. Strength exercises include pushups, pull-ups, sit-ups, 
lifting free weights, and Nautilus machine weight training, and flexibility activities include holding 
stretches for several seconds as well as yoga. 
An activity is recorded as strength and flexibility only if it was planned exercise and the 
participant's intention was to increase his or her strength or flexibility. For example, reaching up 
high on a shelf would not be recorded as a flexibility exercise, and moving furniture would not be 
counted as a strength exercise. After each day of physical activity has been recorded, ask the 
subject how many minutes of strength training and/or flexibility he or she did. 
To avoid double-counting activities, record strength and flexibility exercises under strength and 
flexibility only. Do not count them anywhere else on the PAR worksheet. For example, if a 
participant reports doing a workout at the gym for 1 h, ask him or her to separate the workout into 
types of activities so that the interviewer can record them in the appropriate category, i.e., 45 min 
spent lifting weights goes into the strength category and 15 min spent cycling goes into the 
physical activity category (main worksheet). Another example might be a participant who circuit 
trains or uses a piece of apparatus that involves cardiovascular work, as well as strengthening 
(such as running with hand weights). Ask the participant to give a detailed description of what the 
workout involved and record this on the back of the PAR worksheet. Include time spent in each 
activity reported and the intensity of each. It is appropriate to place exercises such as circuit 
training, ergometers, stairmaster, versa climbers, etc. in the physical activity category. Never 
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place an activity in the strength or flexibility category unless the activity was planned and done 
intentionally to improve strength or flexibility. Lifting heavy waiter trays may require strength but is 
not counted as strength. It might be helpful to ask the interviewee if he or she would describe the 
activity as strength training, weight training, weight or power lifting, plyometrics, or dynabands. 
After each day of recall . It is preferred that the interviewer ask after each day if there is any 
activity that may have been overlooked or forgotten. Ask this at least three times during the 
interview, which does not include the final question (see below). 
At the end of the interview, on day 7, ask the participant to take some time to look back over the 
course of the week and try to remember if there is any other activity he or she may have 
overlooked. 
3-month activity comparison . Ask the participant to compare last week's physical activity with 
his or her past history.  Compared to your physical activity over the past 3 mo, was last week's 
physical activity more, less, or about the same? 
THANK YOUs: Thank the participants for their time and participation. 
Evaluate the interview by answering questions on the back side of the worksheet. It is essential to 
provide a detailed explanation of the problems or sources of invalidity you encounter. If no 
explanation is written, then it is difficult for the investigators to determine whether or not the data 
should be used. The following questions are the interviewer's opinions. 
1. Were there any problems with this survey? Yes or No. If yes, please explain. 
2. Do you think this was a valid interview? Yes or No. If no, please explain. 
3. Please list any activities reported by the subject that you do not know how to classify. Be 
detailed. Ask the name of the activity, the duration (not including breaks), and how the activity 
compares to walking and running. 
Using the worksheet 
1. Make sure to label the worksheet with the appropriate days of the week. 
2. Record time of sleep in spaces provided on worksheet. Time segments should be recorded in 
15-min (.25), 30-min (.50), 45-min (.75), or 1-h (1.0) time blocks. 
3. Record time of activity in spaces provided on worksheet for morning, afternoon, and evening at 
the various levels of intensity. 
4. Differentiate work-related activities with an asterisk or star. The asterisk should be placed to 
the right of the number for data entry purposes. If both a work- and a non-work-related activity 
occurred in the same intensity and same segment of the day, split the worksheet cell into two by 
drawing a diagonal line through it. 
5. Draw a squiggly line down the column of the individual's weekend days. A yellow highlighter 
can be used in addition to or in place of the squiggly line to help aid data entry. (Note that any 
other highlighter color may not photocopy well.) Remember that weekend days are not always 
Saturday and Sunday. 
Summarizing the worksheet (optional) 
1. Tally weekdays and weekend hours of sleep separately. Record the separate totals of 
weekday and weekend hours of sleep under the appropriate column on the worksheet. 
2. Tally weekday, weekend, and work-related activity hours by row. On the worksheet 
differentiate weekday, weekend, and work-related activities by totaling them in the appropriate 
column. 
3. Make sure to add the totals of each row at various intensities of activities continuing to take 
care to separate weekday, weekend, and work hours. 
4. Record totals on the Summary Recall sheet. Record non-work activity totals under leisure and 
record work and weekend activity totals under the appropriate columns. Record sleep totals for 
weekdays and weekends. 
5. Recheck to ensure that no mathematical or other errors have been made. 
How to gather accurate information on physical activity 
Clarify. For example, a participant reports that he ran for an hour on the weekend. Did he run 1 h 
on Saturday or did he run on Saturday and Sunday for a total of an hour? Always clarify, if it is not 
clear, what the interviewee is reporting. To clarify, it is helpful to restate what the participant 
reported. 
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Cue and prompt. Some people have trouble recalling or pinpointing the moderate-to-very hard 
activities that they have engaged in over the past 7 d. In such cases, try to cue them by asking 
them general questions. For example, How about any housework that made you feel similar to 
brisk walking?, Did you take any walks?  How do you get to and from work?, Did you participate 
in any sports or any vigorous family activities? Did you do any vigorous home repair or 
gardening? 
Use cues as much as possible to aid in the subject's recall of the past week. For example, Did 
you want to add any other household, occupational, or sports activities that you participated in the 
past week and that you may have overlooked?, Did you take any walks you did not tell me 
about?, Are there any activities that you are unsure about?. 
Review. Take a retrospective look back at each day by asking the respondent whether there is 
any activity he or she may have forgotten to mention. Provide a moment of silence to allow the 
participant to search his or her memory. 
Remain neutral to any comments made by the interviewee. Do not reply or, if you do, use a 
neutral word such as OK. Do not encourage or praise the interviewee. It is a natural response to 
praise someone who does a lot of exercise. If an interviewer accidentally says good, it is possible 
to correct the mistake by adding.  You remembered really well. 
Special cases. If the last week was totally atypical-for example, the subject was in the hospital or 
in bed, involved in a family or work crisis, or traveling-it is permissible to go to the previous week 
for the survey. Do not take this action lightly; use it only in unusual circumstances. Using 
this option compromises consistency across interviews and interviewers. For example, one 
interviewer may resort to this option if the participant was sick for the weekend, whereas another 
interviewer may resort to it if the participant was sick for 4 d. In both cases, the interviews should 
be completed to maintain consistency and eliminate bias. 
If a participant has weekdays instead of weekends off from work-for example, Tuesday and 
Wednesday, instead of Saturday and Sunday-ask the participant what weekdays he or she has 
off and record those days as the weekend. If he or she does not consider his or her days off as 
weekend days, ask which days are most like weekends. If the participant considers only one day 
a weekend, ask the participant which other day of the week is most like a weekend day. If the 
participant works 7 d/wk and insists that he or she does not have any weekends, again, ask him 
or her to choose the days most similar to weekend days. Allow the participant to decide which is 
the most appropriate day to consider his or her weekend day. 
Important procedures the interviewer often overlooks 
1. Ask about each day in turn, starting with yesterday and working backwards.OK. Today is 
Tuesday, yesterday was Monday. Also make sure to label the worksheet with the appropriate 
days of the week. This makes logging the subject's activities much easier. Also, connecting 
activities to specific days of the week aids the subject in recall of events. 
2. Before asking about activities, in general ask what he or she did that day. Where did you go 
and what did you do on that day? Thinking about the day's activities or unusual events helps 
recall activities specific to that day. 
3. Ask separately about each segment of the day. What activities did you do in the morning? in 
the afternoon? in the evening? Again, this helps the participant remember more clearly. 
4. Several times during the interview, remind participants to think about work, household, and 
leisure/sport activities. 
5. For walking, count only walks of 5-min in duration. However, that 5-min bout of walking can 
only be counted if another 5-min bout occurs in the same segment of the day in the same 
intensity category. For any activity to be counted, it must add up to at least 10 min in one intensity 
category for one segment of the day. 
6. At the end of the interview, ask the participant if he or she forgot any activities. 
7. The interviewer should not guess what intensity an activity is. The subject is responsible 
for classifying his or her physical activities into intensity categories. The interviewer is responsible 
for providing the definitions of the intensity categories so that the subject can rate the intensity. 
Use the rule: running is very hard; brisk walking is moderate, and hard is in between. 
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8. The purpose of the PAR is to estimate energy expenditure, so an activity does not have to be 
continuous to be coded. Activities are counted if they add up to at least 10 min in one intensity 
category (e.g., hard) for one segment of the day (e.g., Wednesday afternoon). If 10 min of activity 
is spread out over two or more segments of the day, it is not counted. This rule allows the 
interviewer to code sporadic activities, but it does not force one to code every single minute of 
activity during the day, which would be too time consuming. 
9. Weekend days should be marked with a squiggly line down the column. 
10. If a work-related activity occurs in the same worksheet cell as a leisure activity, the cell should 
be split with a diagonal line. Asterisks should always be placed to the right of work-related 
activities, e.g.,(.75*). 
11. For accuracy and data entry purposes, it is useful for someone else to check the interviewer's 
arithmetic, spelling of the participant's name, and identification number. 
(Instructions for the interview were adapted from Blair (1) and Taylor et al. (17).) 
PHONE SCRIPT FOR SEVEN-DAY PHYSICAL ACTIVITY RECALL (PAR) 
Introduction 
The next set of questions that I will be asking you refers to the physical activities you've engaged 
in during the past week. 
Work 
I am going to start by asking you a few questions about your employment.(Ask employment 
questions on top of PAR worksheet.) 
Weekend Days 
What 2 d of the week do you consider to be your weekend days? Most people consider Sat. and 
Sun. to be their weekend days, but it may be different for you. 
Record the 2 weekend days in the space provided on the worksheet and draw squiggly lines 
through the 2 weekend days. 
Sleep 
Now I'd like to look at the time you spent sleeping in the past week. By sleeping, I mean the time 
you went to bed one night and the time that you got out of bed the next morning. You may not 
necessarily have been asleep the entire time you were in bed. You may have been reading or 
watching television. 
Today is (i.e., Monday), so yesterday was (i.e., Sunday). 
What time did you go to bed (Sunday) night and get up(Monday) morning? 
Do this for each day of the 7-d recall. Write down days of week and sleep times reported by the 
participant in the space provided on the top of the worksheet. Calculate total time spent sleeping 
after completing the interview. 
 
Physical Activity 
I am going to ask you about the physical activities you engaged in during the past 7 d, starting 
with yesterday and going back 7 d. In doing so, please remember, this is a recall of actual 
activities for the past week, not a history of what you usually do. 
We are not considering light activities, such as desk work, standing, light housework, softball, and 
bowling. We are considering occupational, household, recreational, and sports activities that 
make you feel similar to how you feel when you are walking at a normal pace. For example, slow 
stop-and-go walking such as window shopping, is not included; however, walking at a normal 
pace to do an errand is included. 
Intensity Guidelines 
I will ask you to categorize the intensity of each physical activity you do into one of three groups, 
moderate, hard, or very hard: 
* The moderate category is similar to how you feel when you're walking at a normal pace. 
* The very hard category is similar to how you feel when you are running. 
* The hard category just falls in between. 
* In other words, if the activity seems harder than walking but not as strenuous as running, it 
should go in the hard category. 
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Segments of the Day 
I am going to ask you about the physical activities you engaged in during three segments of the 
day, which includes morning, afternoon, and evening. Morning is considered from the time you 
get up in the morning to the time you have lunch; afternoon is from lunch to dinner; and evening 
is from dinner until the time you go to bed. 
Setting the Stage 
Getting people to think about their day in general will help them remember all of their activities. 
Always spend some time setting the stage for each day. 
Today is (i.e., Monday), so yesterday was (i.e., Sunday). Think about what you did (Sunday) 
morning. Where were you? Think about what you usually do. Did you do anything unusual? 
Did you do any physical activity (Sunday morning)? 
Duration 
The activity in question should be performed for a total of 10 min, intermittently or continuously, 
during one segment of the day, morning, afternoon, or evening (except for strength and flexibility, 
in which the total amount of minutes is recorded)  
How long did you do that activity? 
Make sure that the activity excludes the time that they stood still or took breaks. 
How much of that time was spent standing still or taking breaks? 
Intensity 
Always refer to intensity guidelines: Did that activity feel similar to how you feel when you are 
walking or running or is it somewhere in between?  
Did that activity make you feel similar to how you feel when you are walking or running, or is it 
somewhere in between? (How would you rate the intensity of that activity? Did it feel similar to 
how you feel when you walk or run or somewhere in between? Keep in mind that a moderate 
intensity feels similar to walking at a normal-to-brisk pace, and very hard feels similar to running.) 
Think about what you did in general (Sun) afternoon. Did you do any physical activity? 
Strength and Flexibility 
Record the total number of minutes spent doing strength activities and the total minutes spent 
doing flexibility activities separately for each day. Make sure that the activity excludes the time 
during which the participant or stood still or took breaks. 
Now I am going to ask you about activities you might do for building strength or improving 
flexibility. Strength activities include push-ups, pull-ups, sit-ups, lifting free weights, and using 
weight machines. Flexibility activities include holding stretches for several seconds and yoga. Did 
you do any strength or flexibility activities? How many minutes did you spend on each? (Record 
separately at the bottom of the worksheet.) 
At the End of Each Day Ask 
Are there any physical activities that you might have forgotten? Did you do any physical activity 
at work? any other recreational or sport activities? housework or gardening? Were there any 
other walks that you might have taken? 
On the Last Day of Recall Ask 
Take a moment to think back over the course of the week and think of any activities that you may 
have forgotten. 
Last Question 
The last question I am going to ask you is, Compared to your physical activity over the past 3 mo, 
was last week's physical activity more, less, or about the same? 
Record answer on bottom of worksheet. 
Summary 
* Ask about the subject's physical activity during each segment of the day for each of the 7 d of 
the recall. 
* Start with the previous day and go backwards. Record each day's recall in turn. 
A. Set the stage by having participants recall what they did in general. 
B. Record separately for the morning, the afternoon, and the evening. 
C. Ask if they missed any activities. 
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* After each day be sure to ask about strength and flexibility and about any activities that may 
have been forgotten. 
* Record everything on the worksheet. 
* Record on the worksheet the time and the intensity of the activity. Make sure to record the 
activity on the worksheet in the correct segment of the day. 
* Complete the 7-Day PAR interview by asking the question at the bottom of the worksheet 
regarding physical activity over the past 3 mo. 
* On the back of the worksheet, answer the questions and note anything the participant stated 
that might be helpful in interpreting the data. 
* It is OK for the subject to add or change a previous report later in the interview. 




Interviewer Techniques  
Yes or No  
Comments  
1. Ask questions about work schedule. _____ 
2. Defines sleep correctly. _____ 
3. Reviews sleep habits, beginning with previous night. _____ 
4. Explains intensity guidelines (Walk = moderate, run = very hard.) _____ 
5. Explains that stop-and-go walking is not included if intensity is not at least moderate. _____ 
6. Asks in general what subject was doing each day, using context cues for better recall. _____ 
7. Asks about activities that may have been forgotten for each day. _____ 
8. Asks about strength and flexibility activities for each day. _____ 
9. Asks which days are considered weekends. _____ 
10. Asks separately about morning, afternoon, and evening activities. _____ 
11. Clarifies which activities are job-related. _____ 
12. Prompts subject to define intensity level by referring zero intensity guidelines. _____ 
13. Makes clear the length of activities. _____ 
14. Prompts for any breaks taken. _____ 
15. Asks about any activities for the week that may have been forgotten._____ 
Scoring  
1. Puts times in correct places on worksheet. _____ 
2. Records activities that add up to at least 10 min in one intensity category during one segment 
of day (i.e., three 5-min bouts of activity = 15 min) _____ 
3. Marks weekend days. _____ 
4. Marks job-related activities. _____ 
5. Uses correct arithmetic. _____ 
6. Uses correct rules for rounding of values. _____ 
7. Compare scoring of interviewer and reviewer. (Note reasons for discrepancies.) _____ 
Reviewers Comments  
Strengths: 
Needs improvement: 
The authors gratefully acknowledge Neville Owen and Steve Blair for their helpful comments. 
CALCULATIONS 
The number of hours spent in sleep and different activity levels are obtained. Time spent in sleep 
(1 MET), light (1.5 METs), moderate (4 METs), hard (6 METs), and very hard (10 METs) activities 
for the past 7 d are multiplied by their respective MET values and then summed(9). An estimate 












Top of Form 
Bottom of Form 
OTHER STUDIES USING THE QUESTIONNAIRE 
In addition to the references cited above, other studies have used the Seven-Day Physical 
Activity Recall Questionnaire(12,15,19). 
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Instructions for the Physical Activity Monitor(s) and Diary 
 
Activity Monitor(s) 
1. Each day you should put on your activity monitor(s) as soon as you rise from sleeping.   
2. Record the time you put your activity monitor(s) on. 
3. Wear the activity monitor(s) on your waist band all day, except when in water. 
4. Record the time you removed your activity monitor(s). 
5. Indicate any time during the day when the activity monitor was removed. Example: 
Removing it from 2PM – 3PM for swimming. 
 
Physical Activity Diary 
Each morning, afternoon, and evening, please record any physical activities that lasted 10 
minutes or longer. Please list the activity (e.g., walking, tennis, swimming), the 
approximate time this activity took place, how long the activity lasted, and whether the 
activity was light, moderate, or vigorous. Below is an example of a person who walked 
10 minutes to and from class in the morning, played tennis for an hour in the afternoon, 
and took a 20-minute run after dinner. 
 
Morning Activities 
















1:30 PM 1 hour Moderate 
 
Evening Activities 




















Activity Monitor(s):  Time On ________; Time Off _________ 
 





Please describe any physical activities that lasted 10 minutes or longer during the day.  
Please list the activity (e.g., walking, tennis, swimming), the approximate time this 
activity took place, how long the activity lasted, and whether the activity was light, 












   
Afternoon Activities 








   
Evening Activities 













 Amber McMahan was born on September 24th, 1981 in Knoxville, Tennessee. 
She spent her entire childhood and teen years growing up in Sevierville, Tennessee. She 
attended Pigeon Forge primary school from 1987-1991. From 1991-1995 she attended 
Pigeon Forge middle school. In 1995, she entered high school at Sevier County High, 
where she discovered her love for running and ran cross-country her last two years of 
school. After graduating high school, Amber attended the University of Tennessee and 
received a Bachelor of Science degree in exercise science in 2004. Amber continued to 
pursue her passion of running and competed in several local 5k-road races while 
completing her undergrad degree. In 2004, Amber also competed in a half-marathon and 
the first full marathon held in Knoxville, TN. After completing her undergraduate degree, 
Amber immediately entered her master’s program in exercise physiology at UT in 2005. 
While completing her degree, she worked part time in cardiac rehabilitation at St. Mary’s 
Health System.  During her graduate degree, Amber also served as a research assistant, 
working in collaboration with the nutrition department, examining the freshman 15. In 
May of 2007 she received her Master’s of Science Degree with a concentration in 
exercise physiology.  
 
 
 
 
 
 
 
 
